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ABSTRACT : 

The invention concerns a system for automatic following guidance, particularly for 
heavy-traffic automatic following guidance, of a motor vehicle (1), designed to 
ease the burden on the driver in heavy-traffic situations both by taking over 
lateral guidance by means of an automatic steering regulation system and by 
maintaining a set distance from a leading vehicle. The latter function requires an 
adaptive cruise and braking regulation system with "stop" and "go" function. 
According to the invention, selection and decision means (5, 6, 1, S, 9) are 
provided that select both the regulating parameters and the types of controllers 
[sic], e.g., following guidance of the motor vehicle (1) on the basis of lane 
markings recognized by means of a video camera or on the basis of a recognized 
leading vehicle. The system is divided into hierarchical levels I-IV, the driver 
always being in the monitoring and adaptation loop assigned to the top level IV of 
the hierarchy, so that he has the highest priority and can override the system at 
any time. 

17 Claims, 2 Drawing figures 
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ABSTRACT 



The invention concerns a system for automatic following 
guidance, particulariy for heavy-trafGc automatic following 
.guidance, of a motor vehicle (1), designed to ease the burden 
on the driver in heavy-traffic situations both by taking over 
lateral guidance by means of an automatic steering regula- 
tion system and by maintaining a set distance &om a leading 
vehicle. Hie latter function requires an adaptive cruise and 
braking regulation system with "stop** and "go" function. 
According to the invention, selection and decision means (5, 
6, 7, 8, 9) are provided that select both the regulating 
parameters and the types of oontrolleis [sic], e.g., following 
guidance of the motor vehicle (1) on the basis of lane 
markings recognized by means of a video camera or on the 
basis of a recognized leading vehicle. The system is divided 
into hierarchical levels I-IV, the driver always being in the 
monitoring and adaptation loop assigned to the top level IV 
of the hierarchy, so that he has the highest priority and can 
override the system at any time. 

17 Claims, 2 Drawing Sheets 
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AUTOMATIC FOLLOWING GUIDANCE 
SYSTEM FOR MOTOR VEHICLES 

PRIOR ART 

The inveDdon concerns a system for automatic following ^ 
guidance, paiticularly for heavy-traffic following guidaDce, 
of a motor vehicle, comprising 

an electronic cruise, braking and steering control/ 

regulation system, 
an environmental image acquisition unit equipped with a 
video camera and downstream image analysis and 
generating signals that can be input to the electronic 
Cfuise, braking and steering control system at least for 
automatic guidance along a maiked traffic lane, and/or 
au environmental detection unit operating on the basis of 
detected reflections of emitted electromagnetic 
radiation, and 

a pacing and relative-speed detection unit that detects a 
pacing and a relative speed with respect to a leading 20 
vehicle selectable on the basis of signals generated by 
the environmental image acquisition unit and generates 
in each case a corre^nding spacing and relative speed 
detection signal. 
A similar system is described in U.S. Pat. No. 5,6S4,697. 25 
In the known system, image frames suppUed by the video 
camera are digitized and are processed by a computer, which 
automatically controls or regulates the steering, 
acceleration, deceleration and braking of the vehicle within 
specified criteria. The automatic steering of the vehicle is 30 
based on the acquisition of images of stripe-shaped road 
markings, whereas the automatic speed control or regulation 
is based on detecting the location of a leading vehicle within 
the marked traffic lane. 

By contrast, a further system, known from U.S. PaL No. 35 
5,572,449, employs speed signals that are detected both by 
a vehicle to be controlled and by a preceding, leading 
^vehicle and are exdianged via a communication system in 
order to determine the relative speed between the two 
vehicles and to generate control signals that stabilize the 40 
speed and thus a safe following distance of the trailing 
vehicle with respect to the leading vehicle, and further, to 
control the steering in such a way that the trailing vehicle 
can follow the preceding one. A disadvantage here is that all 
vehicles traveling in a column must be equ^rped with the 45 
same system. 

A further system, known from U.S. Pat. No. 5,245,422, 
like U.S. Pat. No. 5,684,697, employs a video camera and its 
images, processed by an image processor, to define the lane 
markings on the road and the position of the vehicle with 50 
respect thereto. The combined engagement of a cruise 
control switch and a steering control switch are [sic] 
detected and used to initiate the processing of the image data 
and automatic steering of the vehicle. However, the auto- 
matic maintenance of a given distance finom a preceding, 55 
leading vehicle is not described in the above U.S. No. Pat 
5,245,422. 

In heavy-traffic situations, it often happens that one 
vehicle in a column follows another traveling at a lower 
speed, e.g. less than 20 kmh, in the same lane. In such 60 
situations, the driver's attention is focused primarily on 
maintaining a given distance from the preceding driver, so as 
to have an adequate stopping distance in the event of sudden 
braking. At such low ^>eeds and with the vehicles moving 
steadfly, minor corrections^ if any, are all that is needed in 65 
order to steer the vehicle. When these driving situations 
persist for a relatively long period of time, they often cause 
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fatigue or distraction on the part of the driver, since they 
claim only a small share of his attention. 

OBJECTS AND ADVANTAGES OF THE 
INVENTION 

The object of the invention is to make possible a system 
for automatic following guidance, particularly for heavy- 
traffic following guidance, of a motor vehicle, which can 
effectively ease the burden on the driver in certain situations, 
for example in heavy-traffic situations, by taking over lateral 
guidance and pacing guidance with respect to a leading 
vehicle. 

A prerequisite for such a system for automatic following 
guidance, particularly for heavy-traffic automatic following 
guidance, of a motor vehicle, is an automatic cruise control 
system with a ''stop" and "go"- function, which under pre- 
determined conditions makes it unnecessary for the driver to 
operate the brake, gas and clutch pedals and which, in 
dependence on specific situations, permits automatic 
stopping, starting and travel up to a defined limiting speed, 
independently of actions by the driver. A further prerequisite 
for the functioning of such a system for automatic following 
guidance, particularly for heavy-traffic automatic following 
guidance, of a motor vehicle, is an automatic steering 
control or regulation system that can impose steering move- 
ments and/or steering torques on the steered wheels inde- 
pendently of any actuation of the steering wheel by the 
driver. A further prerequisite of the system according to the 
invention for automatic following guidance, particularly for 
heavy-traffic automatic following guidance,^ of a motor 
vehicle is the presence of lane markings and a leading 
vehicle that is within the lane markings and is moving 
slowly in the case of heavy traffic. The system vehicle 
follows the leading vehicle for as long as it travels within the 
lane markings and below a limiting :^>eed. If the leading 
vehicle removes itself from consideration, for example by 
leaving the lane or exceeding the hmiting speed, the system 
deactivates. The same applies when the lane can no longer 
be detected by means of the environmental image acquisi- 
tion unit equipped with a video camera and a downstream 
image analyzer, for example if lane markings are no loriger 
present or are ambiguous. A warning signal informs the 
driver of each impending deactivation of the automatic 
following guidance ^stem, particularly of the heavy-traffic 
automatic following guidance system. 

Hie system of the invention for automatic following 
guidance, particularly for heavy-traffic automatic following 
guidance, of a motor vehicle comprises selection and deci- 
sion means which, on the one hand, decide on the basis of 
parameters that can be input by and/or are dependent on the 
driver and on the basis of conditions determined automati- 
cally by the system whether automatic following guidance is 
feasible or whether manual cruise, braking and steering 
control/regulation must be performed by the driver, whether 
only automatic guidance along a marked, recognized lane or 
following guidance based on a recognized leading vehicle or 
a combination of these types of automatic guidance is 
feasible, and which, on the other hand, also select on the 
basis of parameters that can be input by and/or are dependent 
on a driver and on the basis of conditions determined 
automatically by the system which of the parameters are to 
be used to decide between automatic and manual foUowiiig 
guidance, and which, if automatic following guidance is 
performed, select the regulating parameters for cruise, brak- 
ing and steering regulation. 

In the system according to the invention for automatic 
following guidance, particularly for heavy-traffic automatic 
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following guidance, of a motor vehicle, the following The system of the invention for automatic following 

switching conditions aie realized in the fonn of AND guidance, particularly for heavy -traffic automatic following 

criteria: guidance, of a motor vehicle permits a modular and 

The system is active only when the automatic cruise expandable, hierarchically oi^anized controUer structure 

control/regulation system with "stop" aiKl "go" control 5 that ofifers situation recognition by the system and/or by the 

is active. The automatic "stop" and "go" control driver and situation-dependent decision-making and selec- 

requires a release by the driver in order to start moving tion via the oontroIAegulating mode, ix., manual or auto- 

again after a stop. matic control, selection of the type of control or regulation. 

The lane markings have been detected unequivocally by i-C-i lane following or following behind the leading vehicle, 

the environmental image acquisition unit I.e., the lane 10 and selection of the controller parameters and the se^int 

recognition system detects, for example, two broken values for the regulating system. 

lines spaced up to 12 m apart, for example. Addition- Also optionally provided is a driver-type recognition unit 

ally or alternatively, sufficiently high curbs, for that brings about driver-adaptive adjustment of the system, 

example projecting at least 10 cm above the surface of The driver has the highest priority in every case and can 

the load, can be recognized as the lane boundary for is assume control of the system at any time, since he is always 

short distances. in the monitoring loop. 

The leading vehicle is present and has been recognized claimed environmental recognition unit preferably 

unequivocally by the environmental image acquisition operates by means of radar (Radio Detection and Ranging) 

unit ami/or lidar (Light Detection and Ranging) emission. 

The speed of the leading vehicle is below the limiting 20 A preferred embodiment of a system according to the 

^ed, i.e., below 20-30 km/h, for example. invention for automatic following guidance of a motor 

The selection and decision means of the invention further vehicle is described in more detail hercinbclow with refer- 

realizes the following deactivation conditions as "OR" cri- ^ drawing. The invention is elucidated in particular 

teria: reference to automatic following guidance in heavy 

if the activation conditions are not or are no longer ^ ^affic. 

P*^"^ DRAWING 

if the driver performs a steering action beyond a certain 

steering torque or a floor-pedal action, i.e., an action on 1 is a functional block diagram that provides an 

the brake pedal, gas pedal or clutch pedal; overview of the structure of the system according to the 

if the driver deactivates the system for automatic follow- invention; and 
ing guidance of a motor vehicle, e.g. by actuating a FIG. 2, also a functional block diagram, depicts a con- 
switch. In this case the system must deactivate imme- troller structure of the system according to the invention, 
diately; divided into longitudinal and lateral guidance functions. 

if lane maikin^ are not or cease to be present or ^ot ^ EXEMPLARY EMBODIMENT 

be recognized unequivocally, or if the lane markmgs A«vi-r,i 

are present but there is no leading vehicle. In this case. As is shown in FIG. 1 by the functional blodc diagram of 

after outputting a deactivation warning signal, the the system according to the invention for heavy-traffic 

vehicle brakes to a stop with no action by the driver and automatic following guidance, the controller structure is 

the system deactivates after a defined waiting time, e.g. ^ organized in hierarchical fashion. The levels of the hierarchy 

1-2 s. The automatic braking operation is interrupted are identified in FIG. 1 as 1, 11, III and IV. 

by any intervention on the part of the driver, whether on The lowest hierarchical level I includes the motor vehicle 

the steering wheel or on the accelerator or brake pedal, 1 with its assigned sensors 2 and final control elements 3. 

or by deactivation of the automatic cruise control; Hie sensors 2 include in particular the video camera, option- 

if the limiting speed is reached. In this case, the system 45 ally with the downstream image analyzer and the pacing 

initially remains active and the system vehicle does not recognition sensor implemented by means of a radar system, 

accelerate past the limiting speed. If the leading vehicle for example, as well as other sensors present in the vehicle, 

then leaves the control range of the system by increas- for example a sensor for determining the actual vehicle 

ing its ^>eed, the system deactivates, after first giving speed, an acceleration sensor, a slope sensor, a lateral 

a deactivation warning signal, since there truly is no 50 acceleration sensor, etc. Also included are sensors that detect 

longer a leading vehicle in this case. the steering-wheel angle imposed at the steering wheel and 

Regardless of the manner of deactivation, the driver must the actual steering angle to which the wheels to be steered 

be able to assume control of the vehicle at any time. are adjusted by means of the automatic steering control/ ' 

Optionally, the automatic cruise control/regulation system regulation system. The sensors mentioned here are merely 

can be deactivated along with the deactivation of the auto- 55 examples. Corresponding signals can also be supplied by 

matic steering control/regulation system. other control units present in the vehicle. 

The system of the invention for automatic following The final control elements 3 serve to control the longihi- 

guidance, particularly for heavy-traffic automatic following dinal and lateral movement of the vehicle independently of 

guidance, of a motor vehicle, can be arranged to generate the the type of drive. For example, final control elements can be 

following information signals and warning signals: ^ provided for control/regulation of the internal combustion 

information signals can be generated if implausible driv- engine, such as its rotation speed, throttle-valve angle, 

injg by the leading vehicle within the recognized lane injection quantity and/or iiijection interval, final control 

marking is detected, for elements for automatic or manual braking, and one or more 

example if the leading vehicle swerves or starts to make electric servomotors for adjusting a steering angle at the 

a lane chaise. 65 steered wheels independently of the steering-wheel angle. 

A deactivation warning can be generated before each The next hierardiical level II represents the basic control/ 

system deactivation. regulation system and comprises a state estimator 4 acted on 
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by the signals supplied by sensois 2, selectable oontroller of FIG. 2) and automatic steering contiolA^gulation B (in 

types or control laws for forward controls 5, and selectable the rightband portion of FIG. 2). 

controDer types or control laws for regeneration controls 6, Cruise and Braking Control and Regulation System with 

the selected oontroller typeVcontrol laws being compiled via "Stop" and "Go" Function 

an adder, as well as a reveising switch 7 that switches s Entered in the upper portion of Section A are the cruise 

between automatic and manual driving of the final control ^nd braking control and regulation functions assigned 

element 3. The control laws of Oie foiward control 5 and directly to the vehicle 1, i.e., final control elements 120 and 

those of the regeneration control 6 use results from the state ^ particular a sensor 121 for detecting the vehicle 
estmiator 4 and firom unit 8, which has the funcuon of speed. The measured vehicle ^ is input along with a set 

adapting the oontroller parameters and the setpoint vahies, j^sircd speed 124 to a speed regulator 123, which acts on a 

and are selected indepencfenUy of results afifectmg a control- selection fimctioo 122 for selecting the regulating mode, 

mode sclecUon umt 9. Umts 8 and 9 are assigned to the Additional input variables of the cruise and braking control 

next-higher kveini of the hierarchy. In the highest hierar- or regulation system A are a time spacing with respect to the 

chical level TV, whidi performs the functions of momtormg vehicle 125, vehicles 129 detected by a radar system 

and adaptation, a unit 10 analyzes the situation based on the ^ detected lane markings 128, whidi are a result of 

results supplied by the state estimator 4, sensor signals firom the analysis of image frames supplied by a video camera 

the control sensors 2, and driver inputs, and generates an i27. Based on the ttetected lane marking 128 and the 

analytical result that is processed in a decisfon unit 12 and detected vehicles 129, the selection function 130 selects an 

contributes substantially to the decision as to whether appropriate preceding leading vehicle (output variable 131). 

manualorautomaUccontiolornjgdationistobcc^^ 20 AddiUonal output variables &x)m the vehicle selector 130 are 

for heavy-traffic automatic followmg guidance. The situa- .^i^tive speed 132 and the distance 133 of the preceding 

Uon analyzed by umt 10 is fiirther used via a umt U, to ^^^^^^^ ^he system vehicle. The actual distance 133 

select the conlroUer mode by means of selecUon umt 9, determined in this way is combined with the desired distance 

particulariy to determme whether following guidance wUh computed from the measured speed of the system vehicle, 

respect to a piecedmg leading vehick or guidance with 35 and the combined result acts upon a distance-regulating 

respect to the lane martangs is to be performed. function 134, whidi also receives as an input variable the 

The highest hierarchical level IV optionaUy includes an relative speed 132 resulting from the selection function 130. 

adaptive driver-type recognition system that acts on the in a selection function 122, the control or regulating mode 

setpoint-value and parameter adapUtion unit 8 in accordance of the cruise and braking control or regulation ^tem A is 

with a recognized driver type. Such adaptive driver-type 30 selected, Le., either speed regulation 123 or distance rcgu- 

recognition can also be replaced or supplemented by appro- lation 134, in order to drive the final control element 120. 

priate driver-type infomiation input by the driver himself. Automatic Steering Control/Regulation System B 

Thus, by directly influencing situation analyzer 10 and The automatic steering control/regulation system B, 
reversing switoh 7, the driver is able at any time shown in the righthand portion of FIG. 2, again inchides the 
to adapt the heavy-traffic automatic following guidance of 35 cross-hatched level of vehicle 1 with the final control 
the system to the existing situation or to deactivate it elements 20 assigqed to the vehicle and needed for auto- 
and drive the vehicle manually. Because the driver matic steering control or regulation, together with sensors 21 
spans levels II-IV of the hierardiy, he himself has the for detecting the actual position of the system vehicle, 
highest priority and can override the system at any Regulating part B receives as input variables the information 
time. As a result of the situation analysis 10, whidi can 40 131 regarding the detected leading vehide, the actual dis^ 
be influenced at the driver's discretion and is acted tance 133 between the system vehicle and the leadiiig 
upon by the sensor signals, a situation-dependent ded- vehicle, and the lane markiiigs 128 acquired finom the 
sion is reached concerning the control/regulation mode, analyzed image frames firom the video camera 127. From the 
"manual" or '"automatic," the type of control or actual position of the driver's vehicle, suppUed by sensors 
regulation, e.g. based on the recogsdzed lane marking 45 21, and the lane markings 128 acquired from the image 
or based on the recognized leading vehicle, and, via frames of the video camera, a selection function 27 selects 
units 8 and 9, the choice of the parameters and setpoint the appropriate lane marking for automatic steering control 
values (units 5 and 6) for the control/regulation system. or regulation B. If this is a lane marking 24 in front of the 
The optionally provided driver-type recognition unit 13 system vehicle, this information 24, together with the infor- 
permits driver-adaptive adjustment by acting on the 50 mation 131 bom the lefthand regulating part A concerning 
setpoint-value and parameter adaptation unit 8. the detected preceding leading vehicle, acts on a selection 
The system for heavy-traffic automatic following guid- function 23 to select the regulating mode, which, by means 
ance explained with reference to the functional block dia- of a' selection frinction depicted symbolically as reversing 
gram shown in FIG. 1 advantageou^y has a hierarchical and switch 31, chooses whether the automatic steering control or 
expandable structure and functions in a situation- and driver- 55 regulation B is to be leading-vehicle following regulation 26 
adaptive manner in which the driver is always in the or lane-marking following regulation 29. The leading- 
monitoring loop, has the highest priority and can override vehicle following regulation system 26 receives as an input 
the system at any time. Thus, the driver can at any time variable the distaiK% 133, determined in Part A, of the 
assess the traffic situation himself and assume re^onsibility system vehide from the preceding leading vehicle and a 
for his vehicle by deactivating the heavy-traffic automatic 60 setpoint value 25, whereas the lane-maiktng following regu- 
following guidance system . lation system 29 receives firom selection function 27 a datum 
The hieraichically organized functioiial structure of the concerning a suitable selected lane mariring 28 and a set- 
system of the invention for heavy-traffic automatic follow- point value 30. The final control elements 20 are then 
ing guidance shown in FIG. 1 is depicted further in FIG. 2, adjusted according to the automatic steering control or 
again in the form of a functional bk>ck diagram, which 65 regulating mode selected by the selection function 31, i.e., 
divides the functions according to the invention into cruise either according to leading vehicle following regulation 26 
and braking control or regulation A (in the lefthand portion or lane-markiiig foUowing regulation 29. 
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It should be mentioned that the functions organized hier- 
archically according to FIG. 1 and according to regulating 
modes A and B in FIG. 2 can be performed by a suitably 
arranged control/regulating unit. However, it goes without 
saying that the functions can also be performed by separate 
control/regulating units whose programs are organized 
according to the separate functions A and B shown in FIG. 
2. 

An embodiment of the system of the invention for auto- 
matic following guidance of a motor vehicle in heavy traffic 
can include the following operating elements and displays: 

on/off switch 

optionally a keyboard for inputting driver-type 
information, which, as stated, can replace or supple- 
ment the automatic driver-type recognition unit 13; 

di^lay: ''System is ready for use," i.e., the conditions for 
its activation have been met; 

di^lay: "System is active"; 

di^Iay: "System is (wiU be) deactivated.** 

The following list gives by way of example some 
situations, the ensuing system responses, and data that are 
communicated to a driver: 

A leading vehicle that is moving from side to side in the 
lane, i.e., the leading vehicle is swerving oir is traveling 
in an implausible manner. Information to this efiEiect is ^ 
displayed to the driver. The system can then use its 
built-in intelligence and watch for obstacles and 
re^nd autonomously. Appropriate threshold values 
are needed for this purpose. 

A lane change by the leading vehicle with immediate 
recognition of a new leading vehicle. Corresponding 
information is generated for the driver. 

Cutting in by a vehicle, in which case the vehicle cutting 
in becomes a new leading vehicle. Information to this 
eflfect is displayed to the driver of the system vehicle. 
If a vehicle cuts in too closely, braking is necessary, for 
example at more than OS g. For this purpose, the 
automatic steering system allows an additional degree 
of fteedom for swerving. 

A lane change by the leading vehicle with no recognition 
of a new leading vehicle. The system is deactivated and 
a corre^Ktnding deactivation warning is generated and 
displayed. In the event of a sudden lane change by the 
leading vehicle, for example to avoid an obstacle, the 
dead time can be shortened or the maximum delay 
increased. If an object or a leading vehicle is then 
recognized reliably, the maximum deceleration of 05 g 
can be increased. 

The lane marking can no longer be detected, but a leading 
vehicle is still present. The system then deactivates 
with a deactivation warning. 

Stationary objects that' are not vehicles, e.g. electronic 
flares, construction barriers, lost loads, are in the lane. 
If these objects have been detected reliably, the system 
can respond by deactivating with a deactivation warn- 
ing. 

An inteisection is recognized by the absence or discon- 
tinuation of the lane marking. The system can then 
deactivate with a deactivation warning. 
As a development of the invention, a model of the 
environment can be created in the system aixi the path of the 
lane can be calculated in advance by this mears. This 
ensures that the system will be able to respond to greater 



A suitably adjusted aperture for the video camera and/or 
the use of a plurality of spaced-apart video cameras ensures 
the recognition of situations that would otherwise be 
unclear. 

What is claimed is: 

1. A guidance system for a motor vehide which comprises 

an electronic cruise, braking and steering control/ 
regulation system; 

at least one of an environmental image acquisition unit 
which includes a video camera and an image analyzer 
for generating signals that are used to control said 
electronic cruise, braking and steering control/ 
regulation system for automatic guidance of said 
vehicle along a marked lane, and an environmental 
detector that detects reflections of emitted electromag- 
netic radiation; 

a spacing and relative speed processor coupled to at ]ea.st 
one of said envirorunental image acquisition imit and 
said envirormiental detector for receiving output sig- 
nals therefipom and determining £rom said output sig- 
nals spacing and relative speed of said vehide with 
respect to a lead vehicle, said spadng and relative 
speed processor fiirther generating spacing and relative 
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a control mode selector and a decision maker both of 
which are coupled to said spacing and relative speed 
processor for receiving said spacing and relative speed 
signals; and 

a driver input coupled to said control mode selector and 
said decision maker for inputting driver information 
into said control mode selector and said decision 
maker, 

said decision maker determining whether to allow manual 

or automatic guidance control of said vehicle, and 
said control mode selector determining parameters that 
are used to control said electronic craise, braking and 
steering control/regulation system. 

2. The guidance system for a motor vehicle according to 
40 claim 1, wherein said decision maker fiuther determines 

whether to conduct automatic guidance of said vehicle using 
lane markings. 

3. The guidance system for a motor vehicle according to 
claim 1, wherein said decision maker further determines 

45 whether to conduct automatic guidance of said vehicle using 
the spacing and relative speed of said lead vehicle. 

4. The guidance system for a motor vehicle according to 
claim 1, flirther comprising a control signal adjuster that is 
coupled to said control mode selector and adjusts control 
signals therefrom based upon at least one of set points and 
inputted driver information. 

5. The guidance system for a motor vehicle according to 
claim 1, further comprising a driver-type recognizer wfaidi 
is coupled to said control signal adjuster and forwards 
signals thereto which correspond to diSerent drivers. 

6. The guidance system for a motor vehicle according to 
claim 1, wherein said decision maker activates automatic 
following guidance only when said environmental image 
acquisition unit has recognized marked lanes and has ascer- 
tained that a lead vehicle is traveling within said recognized 
marked lanes. 

7. The guidance system for a motor vehicle according to 
claim 1, wherein said decision maker activates automatic 
following guidance only when a lead vehicle is traveling 
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distances between lane markings* e.g. if they are covered 65 below a limiting ^eed. 
with soow, or to leading vehides that are not traveling in 8. The guidance system for a motor vehicle according to 
alignment. claim 1, wherein said deciaon maker activates automatic 
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following guidance only when a driver activates said system 
after a stop and restart 

9. The guidance system for a motor vehicle according to 
claim 1, wherein said decision maker deactivates automatic 
following guidance when a lead vehicle departs from a 
marked lane and no new lead vehicle is recognized or 
traveling faster than a limiting speed. 

10. The guidance system for a motor vehicle according to 
claim 1, wherein said decision maker deactivates automatic 
following guidance when a driver performs a steering 
maneuver that exceeds at least one of a qiedfied steering 
torque and a spca&cd steering angle. 

U. The guidance system for a motor vehicle according to 
claim 1, wherein said decision maker deactivates automatic 
following guidance when a driver manq>ulates an accelera- 
tor pedal of said vehicle. 

12. The guidance system for a motor vehicle according to 
claim 1, wherein said decision maker deactivates automatic 
following guidance when a driver has activated said system 
but conditions for activation are not met. 
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13. The guidance system for a motor vehicle according to 
claim 1, wherein said decisioa maker deactivates automatic 
following guidance upon a manual input by a driver. 

14. The guidance system for a motor vehicle according to 
claim 1, wherein said decision maker deactivates automatic 
following guidance v/bcn said environmental image acqui- 
sition unit has ascertained that no lane markings are present. 

15. The guidance system for a motor vehicle according to 
claim 1, further comprising a warning signal generator that 
prcxhices a warning signal for a driver upon deactivation of 
automatic following guidance. 

16. The guidance system for a motor vehicle according to 
claim 1, wherein said spacing and relative speed processor 
comprises a radar detector. 

17. The guidance system for a motor vehicle according to 
claim 1, wherein said environmental detection unit com- 
prises at least one of a radar detector and a lidar detector. 
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** See image for Certificate of Correction ** 

TITLE: Automatic following guidance system for motor vehicles 
Detailed Description Text (4) : 

The final control elements 3 serve to control the longitudinal and lateral movement 
of the vehicle independently of the type of drive. For example, final control 
elements can be provided for control/regulation of the internal combustion engine, 
such as its rotation speed, throttle-valve angle, injection quantity and/or 
injection interval, final control elements for automatic or manual braking, and one 
or more electric servomotors for adjusting a steering angle at the steered wheels 
independently of the steering-wheel angle. 
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Nov 21, 2000 



DOCUMENT-IDENTIFIER: US 6151539 A 

TITLE: Autonomous vehicle arrangement and method for controlling an autonomous 
vehicle 



Detailed Description Text (24) : 

In addition to the vehicle path as such, the optimal path also includes information 
on the permissible maximum speeds for individual route segments, which lane should 
be selected, the radii of curves, traffic lights, right-of-way signs, stop signs, 
intersections, and where and how turns must be made. Such very precise information 
is necessary since the autonomous vehicle cannot act intuitively as a human being 
can. For example, even though he soon will have to turn left, a human driver drives 
as long as possible in the right or center lane so that he will not be obstructed 
by vehicles turning left at preceding intersections, and then: rs wit che s- to> the^left— 



turning lane^epending on the traffic situation. The other information is necessary 
so that ^^lie autonomous vehicle can adapt its driving behavior in a timely fashion. 
This is important particularly with regard to other traffic participants, for whom 
very abrupt driving behavior is irritating and could lead to incorrect judgments. 
Since not all information regarding the infrastructure is contained as advance 
information in the digital map 33, for instance because new traffic signs have been 
installed, the vehicle path control unit 34 is additionally supplied with the 
acquired sensor signals from the sensors 1-20, from which additional infrastructure 
information can be taken, for example the traffic signs detected by the video 
camera 10 or the weather conditions detected by the sensors 16-18, upon which the 
maximum permissible speed can depend, for example. The optimal vehicle path, which 
one could also refer to as a virtual ideal control wire, is determined from all 
this information. The generated ideal path is transmitted together with the current 
visual sensor information from* the sensors 9-13 and 20. 
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GUIDANCE SYSTEM, AUTOMATIC VEHICLE GUIDANCE METHOD, ;\ND COMPUTER-READABLE DATA 
RECORDED MEDIUM IN WHICH AUTOMATIC VEHICLE GUIDANCE SYSTEM PROGRAM IS RECORDED 



Abstract Text (1) : 

An automatic guidance system is comprised of a navigation apparatus mounted on a 
vehicle and a control server apparatus fixedly installed in an automatic travel 
control center which controls traveling in an automatic traveling section. The 
control server apparatus and the navigation apparatus establish a communication 
line through a mobile communication network. The navigation apparatus makes a 
search for a route to a destination. If at least part of the automatic traveling 
section is used in a route set by the search, the automatic traveling section is 
registered in the control server apparatus through the communication line. 

Application Filing Date (1) ; 
20021025 

Brief Summary Text (3) : 

The present invention relates to techniques for automatic-drive traveling of a 
vehicle in techniques relating to intelligent transport systems (ITS) and, more 
particularly, to a technique for registering an automatic traveling route for a 
vehicle by using a navigation system. 

Brief Summary Text (5) : 

In recent years, techniques have been realized which relate to intelligent 
transport systems (ITS) in which automatic toll payment and collection operations 
(in an automatic toll collection system) are performed by transmitting and 
receiving data between a vehicle and apparatuses installed on roads by mobile 
communication system. Studies of other techniques relating to ITS, i.e., techniques 
for support to careful driving, optimization of traffic control, etc. have also 
been advanced. In particular, studies of a kind of automatic guidance system 
relating to automatic traveling are being advanced by experiments based on 
traveling of actual vehicles. In the automatic guidance system, a driver does not 
perfor m driving operations but traveling of a vehicle such as a automobile in which 
the driver is riding is controlled in guiding the traveling vehicle. 

Brief Summary Text (6) : 

For realization of such an automatic guidance system, building of infrastructures 
including roads is required as well as providing special-purpose equipment in 
vehicles. Possible forms of roads on which automatic traveling is performed include 
one in which particular travel paths are set as automatic traveling sections in 
which only vehicles capable of complete automatic traveling can be made to travel, 
and one in which an automatic traveling section and a non -automatic traveling 
section in which vehicles travel ordinarily by being operated by drivers are set in 
parallel with each other. That is, even if an automatic guidance system is 
realized, automatic traveling of all vehicles in operation is not possible at an 
initial stage of implementation of the system or automatic traveling cannot be 
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performed on some roads, and conventional sections in which vehicles are manually 

driven by drivers and vehicles driven by drivers in the conventional manner 
coexist.. For this reason, the above-described forms of .roads are conceivable. 

Brief Summary Text (7) : 

Therefore, techniques for changeover between automatic traveling and non-automatic 
traveling are considered particularly important among techniques for realizing 
automatic traveling at an initial stage of implementation of an automatic guidance 
system. Techniques for changeover between automatic traveling and non -automatic 
traveling are known, which include a typical automatic operation control apparatus 
disclosed in Japanese Patent Laid-Open Publication No. 2000-276690. 

Brief Summary Text (8) : 

The conventional automatic operation control apparatus, however, requires a 
driver ' s operation for changing the vehicle traveling mode from the automatic-drive 
traveling mode to the normal -drive traveling mode during automatic-drive traveling. 
If the driver misses a point at which changeover from automatic-drive traveling to 
normal -drive traveling should be made, there is a possibility that the vehicle 
cannot travel the route on which the vehicle should travel . 

Brief Summary Text (9) : 

Also, it is thought that in the case where a driver previously sets points at which 
the vehicle traveling mode should be changed from automatic-drive traveling to 
normal -drive traveling, troublesome operations for setting of an exit point etc. 
are required. 

Brief Summary Text (12) : 

The above object of present invention can be achieved by an automatic vehicle 
guidance system of the present invention. The automatic vehicle system for guiding 
a vehicle which travels in an automatic traveling manner without being operated by 
a driver in an automatic traveling section which is an automatic traveling path is 
provided with: a control device for managing the automatic traveling section, and 
controlling the vehicle traveling in the automatic traveling section; an 
acquisition device for obtaining present position data indicating the present 
position of the vehicle, and destination data indicating a destination to be 
reached by the vehicle; a route search device for making a search for a travel 
route to the destination on the basis of the present position data and the 
destination data relating to the vehicle; and a registration device for registering 
the automatic traveling path which is included in the travel route if at least part 
of the automatic traveling section is included in the travel route as a result of 
the route search, and the control device controls automatic traveling of the 
vehicle along the registered automatic traveling path to perform automatic guidance 
of the vehicle. 

Brief Summary Text (13) : 

According to the present invention, if at least part of the automatic traveling 
section is used as a travel route as a result of the route search for a travel 
route to the destination which is to be reached by the vehicle, the automatic 
traveling .path to be used is registered and automatic traveling of the vehicle is 
controlled by a control apparatus along the automatic traveling path when the 
vehicle travels in the automatic traveling section, thereby performing automatic 
guidance of the vehicle. 

Brief Summary Text (21) : 

Accordingly, entry into the automatic traveling section and exit from the automatic 
traveling section when the vehicle travels in the automatic traveling section can 
be controlled with reliability. 

Brief Summary Text (22) : 

Since each vehicle can be easily identified from the identification data, automatic 
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traveling control can be correctly performed with respect to each vehicle, thus 
enabling management on the automatic traveling section to be performed smoothly. 

Brief Summary Text (23) : 

In one aspect of the present invention, in a case where at least one of the entry 
point data and the exit point data is registered by the registration device, the 
automatic vehicle guidance system is further provided with: a receiving device for 
receiving arrival data indicating that the vehicle reaches at least one of the 
entry point and the exit point, and the control device controls at least one of 
starting and termination of automatic traveling of the vehicle on the basis of the 
arrival data. 

Brief Summary Text (24) : 

According to the present invention, in a case where the controlled vehicle 
traveling in the automatic traveling section reaches the entry point or the exit 
point after the entry point data and the exit point data is registered by the 
registration device, if at least part of the automatic traveling section is 
included in the travel route as a result of the route search, the control device 
controls starting or termination of automatic traveling of the vehicle. 

Brief Summary Text (25) : 

Accordingly, entry into the automatic traveling section and exit from the automatic 
traveling section when the vehicle travels in the automatic traveling section can 
he controlled with reliability, thus enabling management on the automatic traveling 
section to be performed smoothly. 

Brief Summary Text (26) : 

In one aspect of the present invention, in a case where at least one of the entry 
point data and the exit point data is registered by the registration device the 
automatic vehicle guidance system is further provided with: a detection device for 
detecting at least one of changeover of the traveling mode from the automatic 
traveling to normal -drive traveling based on manual operations, and changeover of 
the traveling mode from the normal -drive traveling to the automatic traveling, and 
the control device controls at least one of starting and termination of automatic 
traveling of the vehicle when the detection device detects at least one of 
changeover of the traveling mode at the entry point, and changeover of the 
traveling mode at the exit point. 

Brief Summary Text (27) : 

According to the present invention, starting or termination of automatic traveling 
is controlled when changeover of the traveling mode at the entry point or the exit 
point is detected. 

Brief Summary Text (28) : 

Accordingly, if changeover of the traveling mode is detected when the vehicle 
enters the automatic traveling section or exits from the automatic traveling 
section, automatic traveling can be started or terminated. For example, if the 
traveling mode is not changed to normal -drive traveling after the completion of 
traveling through the automatic traveling section, the vehicle is not allowed to 
enter a normal -drive traveling path but made to turn aside into a parking area or 
the like. Thus, safety of the vehicle traveling in both automatic and non-automatic 
traveling sections can be ensured without requiring any troublesome operation. 

Brief Summary Text (29) : 

In one aspect of the present invention, the automatic vehicle guidance system is 
further provided with: the detection device detects changeover of the traveling 
mode based on condition data of the driver who is operating the vehicle. 

Brief Summary Text (30) : 

According to the present invention, it is possible to prevent the vehicle from 
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exiting from the automatic traveling section into a non -automatic traveling section 
when the driver is unable *to operate the vehicle, thus ensuring safety of the 
vehicle traveling in both automatic and, non -automatic -,t raveling, sections 

Brief Summary Text (31) : 

In one aspect of the present invention, the automatic vehicle guidance system is 
further provided with: the condition data has bodily data indicating condition 
which is included at least one of an awake condition and an asleep condition of 
driver, and the detection device detects changeover of the traveling mode based on 
the bodily data. 

Brief Summary Text (32) : 

According to the present invention, it is possible to prevent the vehicle from 
exiting from the automatic traveling section into a non -automatic traveling section 
when normal, driving is not possible, thus ensuring safety of the vehicle traveling 
in both automatic and non -automatic traveling sections. 

Brief Summary Text (37): 

In one aspect of the present invention, the automatic vehicle guidance system is 
further provided with: the navigation system comprises an data server device 
fixedly installed, and a communication terminal device mounted on the vehicle and 
communicating with the data server device through a mobile communication network, 
the communication terminal device and the data server device communicate with each 
other to perform navigation of the vehicle, the data server device and the 
registration device communicate with each other to register the automatic traveling 
path which is included in the travel route as a result of the route search, and the 
control device performs automatic guidance of the vehicle traveling in the 
automatic traveling section. 

Brief Summary Text (39) : 

The above object of present invention can be achieved by a control apparatus for an 

automatic vehicle guidance system for guiding a vehicle which travels in an 
automatic traveling manner without being operated by a driver in an automatic 
traveling section which is an automatic traveling path of the present invention. 
Th.e control apparatus is provided with: a control device for managing the automatic 
traveling section and controlling the vehicle traveling in the automatic traveling 
section; a route data acquisition device for obtaining route data indicating a 
travel route to destination to be reached by the vehicle as a result of route 
search based on present position data of the vehicle, and destination data 
indicating a destination to be reached by the vehicle; and a registration device 
for registering the automatic traveling path which is included in the travel route 
if at least part of the automatic traveling section is included in the travel route 
as a result of the route search, and the control device controls automatic 
traveling of the vehicle along the registered automatic traveling path to perform 
automatic guidance of the vehicle. 

Brief Summary Text (40) : 

According to the present invention, if at least part of the automatic traveling 
section is used as a travel route as a result of the route search for a travel 
route to the destination which is to be reached by the vehicle, the automatic 
traveling path to be used is registered and automatic traveling of the vehicle is 
controlled by a control apparatus along the automatic traveling path when the 
vehicle travels in the automatic traveling section, thereby performing automatic 
guidance of the vehicle. 

Brief Summary Text (43) : 

In one aspect of the present invention, the control apparatus is further provided 
with: if a travel route to the destination is set by the re-search while the 
vehicle is traveling in the automatic traveling section, the registration device 
reregisters the automatic traveling path on the basis of the travel route set by 
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the re-search. 



Brief Svunmary. Text .(A6) ...... .. .. - • - 

In one aspect of the present invention, the control apparatus is further provided 
'with: when the registration device registers the automatic traveling path, it 
registers at least one of the identification data of the vehicle, entry point data 
indicating an entry point at which the vehicle enters the automatic traveling 
section, and exit point data indicating an exit point at which the vehicle exits 
from the automatic traveling section. 

Brief Summary Text (48) : 

Accordingly, entry into the automatic traveling section and exit from the automatic 
traveling section when the vehicle travels in the automatic traveling section can 
be controlled with reliability. 

Brief Summary Text (49) : 

since each vehicle can be easily identified from the identification data, automatic 
traveling control can be correctly performed with respect to each vehicle, thus 
enabling management on the automatic traveling section to be performed smoothly. 

Brief Summary Text (50) : 

In one aspect of the present invention, in a case where at least one of the entry 
point data and the exit point data is registered by the registration device, the 

control apparatus is further provided with: a receiving device for receiving 
arrival data indicating that the vehicle reaches at least one of the entry point 
and the exit point, the control device controls at least one of starting and 
termination of automatic traveling of the vehicle on the basis of the arrival data. 



Brief Summary Text (51) : 

According to the present invention, in a case where the controlled vehicle 

traveling in the automatic traveling section reaches the entry point or the exit 
point after the entry point data and the exit point data is registered by the 
registration device if at least part of the automatic traveling section is included 
in the travel route as a result of the route search, the control device controls 
starting or termination of automatic traveling of the vehicle. 

Brief Summary Text (52) : 

Accordingly, entry into the automatic traveling section and exit from the automatic 

traveling section when the vehicle travels in the automatic traveling section can 
be controlled with reliability, thus enabling management on the automatic traveling 
section to be performed smoothly. 

Brief Summary Text (53) : 

In one aspect of the present invention, in a case where at least one of the entry 
point data and the exit point data is registered by the registration device, the 
control apparatus is further provided with: a' changeover data acquisition device 
obtains changeover data which includes at least one of data indicating changeover 
of the traveling mode from the automatic traveling to normal -drive traveling based 
on manual operations in the vehicle, and data indicating changeover of the 
traveling mode from the normal -drive traveling to the automatic traveling in the 
vehicle, the control device controls at least one of starting and termination of 
automatic traveling of the vehicle when the changeover data acquisition device 
obtains the changeover data. 

Brief Summary Text (54) : 

According to the present invention, starting or termination of automatic traveling 
is controlled when changeover of the traveling, mode at the entry point or the exit 
point is detected. 
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Brief Summary Text (55) : 

Accordingly, if changeover of the traveling mode is detected when the vehicle 
enters the automatic .traveling. section, or- exits from^the ^automatic. traveling . . ..^ 
section, automatic traveling can be started or terminated. For example, if the 
traveling mode is not changed to normal -drive traveling after the completion of 
traveling through the automatic traveling section, the vehicle is not allowed to 
enter a normal -drive traveling path but made to turn aside into a parking area or 
the like. Thus, safety of the vehicle traveling in both automatic and non-automatic 
traveling sections can be ensured without requiring any troublesome operation. 

Brief Summary Text (56) : 

In one aspect of the present invention, the control apparatus is further provided 
with: the registration device registers the automatic traveling path previously 
before the vehicle enters the automatic traveling section. 

Brief Summary Text (58) : 

The above object of present invention can be achieved by an automatic vehicle 
guidance method of the present invention. The automatic vehicle method, in which 
automatic guidance of a vehicle is performed by controlling traveling of the 
vehicle in an automatic traveling section which is a travel path on which the 
vehicle travels in an automatic traveling manner without being operated by a 
driver, is provided with: an acquisition process of obtaining present position data 
indicating the present position of the vehicle, and destination data indicating a 
destination to be reached by the vehicle; a route search process of making a search 
for a travel route to the destination on the basis of the present position data and 
the destination data relating to the vehicle; a registration process of registering 
the automatic traveling path which is included in the travel route if at least part 
of the automatic traveling section is included in the travel route as a result of 
the route search; and an automatic guidance process of controlling automatic 
traveling of the vehicle along the registered automatic traveling path to perform 
automatic guidance of the vehicle. 

Brief Summary Text (59) : 

Accor;ding to the present invention, if at least part of the automatic traveling 
section is used as a travel route as a result of the route search for a travel 
route to the destination which is to be reached by the vehicle, the automatic 
traveling path to be used is registered and automatic traveling of the vehicle is 
controlled along the automatic traveling path when the vehicle travels in the 
automatic traveling section, thereby performing automatic guidance of the vehicle. 

Brief Summary Text (67) : 

Accordingly, entry into the automatic traveling section and exit from the automatic 
traveling section when the vehicle travels in the automatic traveling section can 
be controlled with reliability. 

Brief Summary Text (68) : 

Since each vehicle can be easily identified from the identification data, automatic 
traveling control can be correctly performed with respect to each vehicle, thus 
enabling management on the automatic traveling section to be performed smoothly. 

Brief Summary Text (71) : 

The above object of present invention can be achieved by a data recorded medium of 
the present inversion automatic vehicle guidance system of the present invention 
wherein an automatic vehicle guidance program is recorded so as to be read by a 
computer, the computer included in an automatic vehicle guidance system for guiding 
a vehicle which travels in an automatic traveling manner without being operated by 
a driver in an automatic traveling section which is an automatic traveling path, 
the automatic vehicle guidance program causing the computer to function as: a 
control device manages the automatic traveling section and controls the vehicle 
traveling in the automatic traveling section; an acquisition device obtains present 
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position data indicating the present position of the vehicle, and destination data 
indicating a destination to be reached by the vehicle; a route search device makes 
a search. for a travel .route .to the ..destination on the basis of the present position... 
data and the destination data relating to the vehicle; and a registration device 
registers the automatic traveling path which is included in the travel route if at 
least part of the automatic traveling section is included in the travel route as a 
result of the route search; and an automatic guidance device controls automatic 
traveling of the vehicle along the registered automatic traveling path to perform 
automatic guidance of the vehicle. 

Brief Summary Text (72) : 

According to the present invention, if at least part of the automatic traveling 
section is used as a travel route as a result of the route search for a travel 
route to the destination which is to be reached by the vehicle, the automatic 
traveling path to be used is registered and automatic traveling of the vehicle is 
controlled by a control apparatus along the automatic traveling path when the 
vehicle travels in the automatic traveling section, thereby performing automatic 
guidance of the vehicle. 

Brief Summary Text (80) : 

Accordingly, entry into the automatic traveling section and exit from the automatic 
traveling section when the vehicle travels in the automatic traveling section can 
be controlled with reliability. 

Brief Summary Text (81) : 

since each vehicle can be easily identified from the identification data, automatic 
traveling control can be correctly performed with respect to each vehicle, thus 
enabling management on the automatic traveling section to be performed smoothly. 

Drawing Description Text (7) : 

FIGS. 6A, 6B, and 6C are diagrams each showing an example of a changeover notice 
displayed on a display unit at the time of changeover from automatic traveling to 
normal -drive traveling in the embodiment of the present invention; 

Drawing Description Text (9) : 

FIG. 8 is a block diagram showing a configuration of a conventional automatic 
operation control apparatus. 

Detailed Description Text (3) : 

An embodiment of the present invention described below is an application of the 
present invention to an automatic vehicle guidance system which is provided for 
guidance along a particular automatic traveling section, and which is constituted 
by a navigation apparatus mounted on a vehicle and a control server apparatus 
provided in an automatic travel control center for control over the automatic 
traveling section. 

Detailed Description Text (7) : 

As shown in FIG. 1, the automatic guidance system 100 of this embodiment is 
constituted by a navigation apparatus 110 mounted on a vehicle, 101, and a control 
server apparatus 130 provided as a stationary unit in an automatic travel control 
center for control over an automatic traveling section in which traveling of a 
vehicle is controlled with no driver ' s operation. The control server apparatus 130 
and the navigation apparatus 110 have a communication line established therebetween 
through a mobile communication network 102 which includes a public telephone 
network line or an Internet. 

Detailed Description Text (9) : 

In ordinary cases, at the time of performing automatic control of traveling of 

vehicles (hereinafter referred to simply as " automatic travel control") in an 

automatic traveling section, it is necessary to make a registration of each of 
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vehicles traveling in the automatic traveling section and to cancel the 
registration of each of the vehicles in order to perform smooth automatic travel 

.control -during . traveling. .of ^the. vehicle in .the automatic .traveling section,, .,l..e 

to perform entr y control when each vehicle enters the automatic traveling section 
and exit control when the vehicle exits from the automatic traveling section, and 
to control traveling of the vehicle 101 according to a route in the automatic 
traveling section through which the vehicle should travel (hereinafter referred to 
as " automatic traveling section route") . 

Detailed Description Text (10) : 

In this embodiment, therefore, data about the vehicle 101, i.e., position data and 
route data obtained by the navigation apparatus 110 are transmitted to the control 
server apparatus 130, and a point at which the vehicle 101 enters the automatic 
traveling section (start point (hereinafter referred to simply as "entry point")), 
a point at which the vehicle 101 exits from the automatic traveling section (end 
point (hereinafter referred to simply as "exit point")), and the automatic 
traveling section route are computed in the control server apparatus 130 on the 
basis of the position data and the route data to make a registration of the vehicle 
101 at the time of entry and cancellation of the registration at the time of exit. 

Detailed Description Text (11) : 

More specifically, the navigation apparatus 110 makes a search for a route to a 
destination on the basis of data indicating the destination to be reached by the 
vehicle 101 on which the navigation apparatus 110 is mounted (hereinafter referred 
to as "destination data"), the vehicle position data obtained by receiving global 
positioning system (GPS) data, and mobile data, i.e., vehicle data obtained by 
various sensors, such as a vehicle speed sensor using vehicle speed pulses, an 
acceleration sensor, a vibration sensor, and a gyroscope. The navigation apparatus 
110 performs navigation of the vehicle 101 by using a search result and these data. 
If the navigation apparatus 110 selects the automatic traveling section as a 
portion of a route to the destination as the route search result, it transmits the 
obtained position data and route data indicating the route search result to the 
control server apparatus 130 over the communication line when the vehicle reaches a 
point set in advance. 

Detailed Description Text (12) : 

Furthermore, the control server apparatus 130 controls traveling of each of 
vehicles in the predetermined automatic traveling section (not shown) , makes a 
registration of a vehicle entering the automatic traveling section, and cancels the 
registration of a vehicle exiting from the automatic traveling section. The control 
server apparatus 130 obtains the position data and the route data of the vehicle 
101 on which the navigation apparatus 110 is mounted, and sets a point at which the 
vehicle enters the automatic traveling section, a point at which the vehicle exits 
from the automatic traveling section, and a route in the automatic traveling 
section through which the vehicle travels (hereinafter referred to as " automatic 
traveling route") on the basis of the position data and route data obtained. 

Detailed Description Text (13) : 

In the thus-arranged system of this embodiment, when the automatic traveling 
section is selected to be used for traveling of the vehicle 101 as a result of a 
route search made by the navigation apparatus 110, a point (entry point) at which 
automatic traveling of the vehicle 101 in the automatic traveling section is 
started and a point (exit point) at which traveling of the vehicle 101 is 
terminated are determined to enable automatic travel control from the determined 
entry point to the determined exit point. This entry point and exit point setting 
can be easily made with reliability. Thus, the operability for the driver, i.e., 
the user, is improved and improved user support can be achieved. 

Detailed Description Text (18) : 

As shown in FIG. 2, the navigation apparatus 110 is constituted by a GPS receiving 
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unit 111 which is connected to an antenna AT^ and which receives GPS data, a 
speed/acceleration sensor unit 112 which detects the speed of traveling and 
.acceleration.of ,.the vehicle^ an .azimuth .sensor section 113_that_-senses- the— azimuth., 
of the vehicle, a VICS data receiving unit 114 which receives VICS data from the 
vehicle information and communication system (VICS), a map data storage unit 115 in 
which map data is stored, an operating unit 116, a display unit 117 which displays 
map data and the position* of the vehicle, a speech guidance unit 118 which outputs 
speeches for guidance, a system control unit 119 for overall control of the system, 
and a communication unit 120 which is connected to the antenna AT, and which 
performs communication with the control server apparatus 130. 

Detailed Description Text (25) : 

The map data storage unit 115 stores, in a readable state, map data such as road 
maps and other sorts of data necessary for travel guidance. For example, the map 
data storage unit 115 is constituted by a DVD drive which reads out map data or the 
like from a DVD-read only memory (DVD-ROM) on which data necessary for travel 
guidance including the map data is stored, or a hard disk having map data etc. 
stored thereon - 

Detailed Description Text (27) : 

The display unit 117 displays map data output from the map data storage unit 115, 
and data on various conditions including those relating to travel guidance 
performed by the navigation apparatus 110, and data on a destination. 

Detailed Description Text (28) : 

The speech guidance unit 118 outputs, in speech form, travel route guidance data. 
The travel route guidance data include data on the vehicle traveling direction from 
the next intersection, and data to be notified directly to the driver in guidance 
(congestion data, road closure data, etc.). 

Detailed Description Text (30) : 

The system control unit 119 controls display unit 117 etc. so that the above- 
described travel route guidance data is displayed on display unit 117 in a map on 
which the present position of the vehicle is shown in a peripheral area on the 
basis of traveling data (vehicle position and speed data) obtained by a position 
computation unit (not shown) . The system control unit 119 also controls the speech 
guidance unit 118 etc. so that corresponding travel route guidance data or the like 
is output as a speech from the speech guidance unit 118. 

Detailed Description Text (32) : 

More specifically, the system control unit 119 searches the map data storage unit 
115 on the basis of mobile data and navigation data received by the GPS receiving 
unit 111 to obtain predetermined data, and performs navigation processing including 
processing for search for a route to be traveled by the vehicle 101 on which the 
navigation apparatus 110 is mounted, and processing for guiding the vehicle 101 
along the route. The system control unit 119 transmits a route search result, i.e., 
route data, to the control server apparatus 130 via the communication unit 120. 

Detailed Description Text (34) : 

Further, the system control unit 119 is connected to a traveling mode changeover 
unit (not shown) which effects changeover between automatic traveling and normal- 
drive traveling controlled by the driver, and detects changeover between automatic 
traveling and normal -drive traveling. When the mode of traveling of the vehicle is 
changed from automatic traveling to normal -drive traveling or from normal -drive 
traveling to automatic traveling by the traveling mode changeover unit, the system 
control unit 119 transmits changeover data to the control server apparatus 130 via 
the communication unit 120 to inform the control server apparatus 130 that the 
traveling methods have been switched (condition data) . 

Detailed Description Text (35) : 
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Specifically, in this embodiment, data on bodily conditions of the driver, e.g., 
condition of awaking and condition of sleep is detected when the traveling mode is 
^^changed from ..the -automatic traveling..mode . to the ..normaL. . dr lving .,.mode ....The . traveling 
mode is changed after detecting such data. 

Detailed Description Text (40) : 

The control server apparatus 130 is constituted by a wireless communication unit 
131 which communicates with the navigation apparatus 110, a wired communication 
unit 132 which receives data on vehicles 101 etc, in the automatic traveling 
section, a database 133 in which data on automatic traveling of each vehicle 101 is 
stored, an automatic traveling section data recording unit 134 in which data about 
the automatic traveling section is recorded, and a system control unit 135 which 
controls traveling on each vehicle 101 in the automatic traveling route and 
performs centralized control on automatic traveling. 

Detailed Description Text (41) : 

The control server apparatus 130 is served as the control apparatus in accordance 
with the present invention, and the wireless communication unit 131 is served as 
the receiving device and the route data acquisition device in accordance with the 
present invention. The system control unit 135 is served as the registration 
device, the changeover data acquisition device and the automatic guidance device in 
accordance with the present invention. 

Detailed Description Text (43) : 

The wired communication unit 132 receives data on traveling of each vehicle 101 in 
the automatic traveling section. Therefore, the control server apparatus 130 can 
keep track of each travel -controlled vehicle 101 in the automatic traveling section 
on the basis of this data. 

Detailed Description Text (44) : 

For example, the wired communication unit 132 obtains data on vehicles 101 received 

by a plurality of beacon receiving units (not shown) placed in the automatic 
traveling section. The wired communication unit 132 monitors the speeds of the 
vehicles, the distances between the vehicles, and control on confluence and 
divergence of the vehicles traveling in the automatic traveling section on the 
basis of the received data on each vehicle 101. 

Detailed Description Text (45) : 

Control on traveling of each vehicle 101 ( automatic guidance) is performed on the 
basis of an entry point and an exit point described below, which are computed by 
communication between the system control unit 135 and the automatic traveling 
apparatus (not shown) of the vehicle 101. 

Detailed Description Text (47) : 

The automatic traveling section data recording unit 134 are recorded point data on 
an entry point and an exit point in the automatic traveling section (if a plurality 
of entry points and plurality of exit points exist, all the entry and exit points) , 
and data on the automatic traveling section, i.e., data on confluence points, 
divergence points, drive stop areas (parking areas), drive rest areas (service 
areas), etc. According to an instruction from the system control unit 135, the 
database 133 is searched for predetermined data, which is output to the system 
control unit 135. 

Detailed Description Text (48) : 

The system control unit 135 is supplied with identification data and route data of 
each vehicle 101 transmitted from the navigation apparatus 110. The system control 
unit 135 sets an entry point and an exit point in the automatic traveling section 
with respect to each vehicle 101 on the basis of the position data and the route 
data, computes a travel route along which the vehicle will travel automatically, 
forms data on each vehicle 101, and outputs the data to the database 133. 
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Detailed Description Text (49) : 

..When each vehicle.. 101. reaches .the..,entry... point, the. system .control .unit .135. obtains 

the identification data of the vehicle 101, collates the identification data with 
data on the vehicle 101 in the database 133, and controls automatic traveling of 
the vehicle 101 through the automatic traveling apparatus (not shown) mounted on 
the vehicle 101 on the basis of the data on the vehicle 101. 

Detailed Description Text (50) : 

Also, the system control unit 135 receives data transmitted from the vehicle 101 
for a notification that the vehicle has arrived at the entry point ( automatic 
traveling start confirmation data) or a notification that the vehicle has arrived 
at the exit point ( automatic traveling end confirmation data) . The system control 
unit 135 starts or terminates processing relating to automatic traveling of the 
vehicle 101 when each vehicle 101 reaches the entry point or the exit point in the 
automatic traveling section. 

Detailed Description Text (51) : 

Identification check terminals (not shown) for identifiing vehicles 101 are placed 
in the automatic traveling section. Each identification check terminal is used for 
transmitting and receiving identification data between the system control unit 135 
and each vehicle 101. When one vehicle 101 reaches an entry point, the system 
control unit 135 receives automatic traveling start confirmation data transmitted 
from the vehicle 101, collates with the database the identification data of the 
vehicle 101 detected by the identification check terminal, and instructs each unit 
to start processing for automatic traveling if the corresponding data has already 
been registered in the database 133. If there is no corresponding data registered 
in the database 133 after collating the identification data of the detected vehicle 
101 with the database 133, the system control unit 135 registers the identification 
data of the detected vehicle 101 in database 133 through the operating unit 116 of 
the navigation apparatus 110. In this embodiment, similar processing is performed 
at the exit point for changeover from automatic traveling to normal -drive 
traveling . 

Detailed Description Text (57) : 

When a destination data is input through the operating unit 116 by a user, e.g., a 
driver, the system control unit 119 makes a route search (step Sll), and the system 
control unit 119 starts route guidance (step S12) . At this time, the system control 
unit 119 sets a point at which the distance between the position of the vehicle and 
the automatic traveling section is equal to a distance set in advance (hereinafter 
referred to as "registration data transmission point") 

Detailed Description Text (61) : 

When the system control unit 135 receives route, data and identification data from 
one of vehicles 101, the vehicle 101 is registered in the control server apparatus 
130 as a vehicle which will travel automatically on the basis of the identification 
data of the vehicle 101 (step S31) . 

Detailed Description Text (62) : 

The system control unit 135 then computes a route for traveling of the vehicle 101 
in the automatic traveling section, including a point at which the vehicle 101 
enters the automatic traveling section, a point at which the vehicle exits from the 
automatic traveling section, a confluence point, and divergence point, and stores 
these sorts of data in the database 133 along with the identification data of the 
vehicle 101 (route setting in the automatic traveling section (step S32) ) . 

Detailed Description Text (63) : 

Subsequently, the syste m control unit 135 transmits data indicating that a 

registration of a route in the automatic traveling section has been completed 
(hereinafter referred to as section setting confirmation data) to the navigation 
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apparatus 110 through the wireless communication unit 131, and then waits for 
arrival of the vehicle 101 at the automatic traveling section (step S33) . 



Detailed Description Text (65) : 

First, the system control unit 119 makes a determination as to whether the section 
setting confirmation data transmitted from the control server apparatus 130 is 
received within a time period set in advance (step S15) . If the section setting 
confirmation data is received within the time period set in advance, the system 
control unit 119 waits for arrival of the vehicle 101 at the automatic traveling 
route (step S16) . 

Detailed Description Text (67) : 

Subsequently, the syste m control unit 119 makes a determination in repeated cycles 
as to whether the vehicle 101 has reached the entry point in the automatic 
traveling section (step S17) . When the system control unit 119 determines that the 
vehicle 101 has reached the automatic traveling section, it establishes a 
communication line to the control server apparatus 130 by the communication unit 
120, transmits data indicating that the vehicle has reached the automatic traveling 
section, that is, a request for starting processing for automatic traveling 
(hereinafter referred to as " automatic traveling start request data") together with 
the identification data of the vehicle 101, and waits for reception of automatic 
traveling start confirmation data (step S18) . 

Detailed Description Text (68) : 

More specifically, the syste m control unit 119 makes a determination as to whether 
the vehicle 101 has reached the point according to the stored data at which the 
vehicle enters the automatic traveling section on the basis of the data on the 
entry point in the automatic traveling section obtained by the route search and 
stored in the navigation apparatus 110 and the position data of the vehicle 101 
obtained from the wireless communication unit 131. 

Detailed Description Text (69) : 

The arrangement may be such that identification check terminals (not shown) capable 
of obtaining vehicle data are placed at points at which entrance of vehicles 101 is 
possible, and arrival of vehicle 101 at each entry point is recognized when the 
identification check terminal detects the vehicle 101 registered in the control 
sever apparatus 130 set in advance as a vehicle which will travel automatically . 

Detailed Description Text (71) : 

The system control unit 135 first makes a determination in repeated cycles as to 
whether the automatic traveling start request data and identification data 
transmitted from the navigation apparatus 110 have been received (step S34) . If the 
automatic traveling start request data has been received, the system control unit 
135 starts automatic traveling control and transmits automatic traveling start 
confirmation data to the navigation apparatus 110 (step S35) . 

Detailed Description Text (72) : 

If the system control unit 135 determines that the vehicle 101 is not registered in 
the automatic traveling section, it transmits a request for manual registration of 
the vehicle 101 to the navigation apparatus 110 (hereinafter referred to as "manual 
registration request data") (step S36) and terminates the operation. 

Detailed Description Text (73) : 

Finally, in the navigation apparatus 110, the system control unit 119 makes a 
determination as to whether the automatic traveling start confirmation data or 
manual registration request data has been received within a time period set in 
advance. When the automatic traveling start confirmation data is received, the 
system control unit 119 performs control for making the automatic traveling 
apparatus (not shown) start automatic traveling, thereby starting automatic 
traveling (step 320) . However, this control is started on condition that the 
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arrival of the vehicle 101 at the entry point is detected by the identification 
check terminal for recognizing each vehicle 101 at the entry point in the automatic 
^ traveling route. . . . 

Detailed Description Text (74) : 

If the automatic traveling start confirmation data is not received within the time 
period set in advance^ or if the manual registration request data is not received, 
the system control unit 119 determines that registration processing has ended in 
failure and terminates the registration operation. 

Detailed Description Text (75) : 

In this case, the syste m control unit 119 displays a predetermined notice on the 
display unit 117 or the like to request the user to register the vehicle 101 and to 
set an exit point etc. in the automatic travel control . 

Detailed Description Text (79) : 

When the system control unit 135 in the control server apparatus 130 recognizes 
that the vehicle 101 has reached an exit point in the automatic traveling section 
based on a notice transmitted from the navigation apparatus 110 or by a 
predetermined method, e.g., detection by the identification check terminal (not 
shown) (step S51), it transmits data indicating that the vehicle has reached the 
exit point (hereinafter referred to as "exit confirmation data") to the navigation 
apparatus 110 and waits for receiving of changeover confirmation data or changeover 
non-confirmation data described below (step S52) . 

Detailed Description Text (81) : 

When the system control unit 119 receives the exit confirmation data (step S41) , it 
provides a notice for requesting the driver to operate a certain device for 
switching from automatic traveling to manual traveling (i.e., normal -drive 
traveling) (step S42) . For example, visual data such as shown in FIG. 6A is 
displayed on the display unit 117, or a speech notice is output froni the speech 
guidance unit 118. 

Detailed Description Text (86) : 

The vehicle 101 permitted to exit can perform normal-drive traveling. Therefore it 
exits from the automatic traveling section into a non -automatic traveling section 
and starts normal -drive traveling. 

Detailed Description Text (87) : 

In the case where the system control unit 135 in the control server unit 130 has 
received changeover non-confirmation data, it determines that the driver is in such 
a condition that he or she cannot drive the vehicle 101, and controls each unit so 
that the vehicle 101 is made to turn aside out of the travel path into a parking 
area or the like (step S55) , and terminates the operation. 

Detailed Description Text (93) : 

When the route data transmitted from the navigation apparatus 110 is received (step 
S71) , the system control unit 135 again computes a route for traveling of the 
vehicle 101 in the automatic traveling section, including a point at which the 
vehicle 101 exits from the automatic traveling section, a confluence point, and 
divergence point, and stores these sorts of data in the database 133 along with the 
identification data of the vehicle 101 ((step S72) route resetting in the automatic 
traveling section) . 

Detailed Description Text (94) : 

The system control unit 135 then transmits data indicating that a reregistration of 
a route in the automatic traveling section has been completed (hereinafter referred 
to as "resetting confirmation data") to the navigation apparatus 110 through the 
wireless communication unit 131 (step S73) and starts controlling automatic 
traveling of the vehicle, 101 (step S74) on the basis of the reset route. 



http://westbrs:9000^in/gate.exe?f^doc&state=g4tebq.26J&ESNAME=KWIC&p_M 12/10/04 



Detailed Description Text (96) : 

According to .this.. embodiment, in the case where at least ^part of .an. automatic . . .. 
traveling section is selected to be used as a traveling route as a result of a 
search for a traveling route to a destination which is to be reached by a vehicle 
101, the navigation apparatus 110 registers the automatic traveling path to be used 
in the control server apparatus 130, and the control server apparatus 130 controls 
automatic traveling of the vehicle 101 along the automatic traveling path when the 
vehicle 101 travels in the automatic traveling section, thus performing automatic 
guidance of the vehicle. 

Detailed Description Text (100) : 

Also, at least one of vehicle identification data, an entry point at which the. 
vehicle enters the automatic traveling section, and an exit point at which the 
vehicle exits from the automatic traveling section can be registered as well as the 
automatic traveling section through which the vehicle 101 travels. Therefore entry 
into the automatic traveling section and exit from the automatic traveling section 
can be controlled with reliability. Since each vehicle 101 can be easily identified 
based on the identification data, automatic traveling control can be correctly 
performed with respect to each vehicle 101, thus enabling management on the 
automatic traveling section to be performed smoothly. 

Detailed Description Text (101) : 

When switching of the traveling mode from automatic traveling to normal -drive 
traveling or from normal -drive traveling to automatic traveling at an entry point 
or an exit point in the automatic traveling section is detected, starting and 
termination of. automatic traveling of the vehicle can be controlled . Therefore, if 
switching of the traveling mode is detected when the vehicle 101 enters the 
automatic traveling section or exits from the automatic traveling section, 
automatic traveling can be started or terminated. If the traveling mode is not 
switched to normal -drive traveling after the completion of traveling through the 
automatic traveling section, the vehicle is not allowed to enter a normal -drive 
traveling path but made to turn aside into a parking area or the like. Thus, safety 
of the vehicle traveling in both automatic and non-automatic traveling sections can 
be ensured without requiring any troublesome operation. 

Detailed Description Text (102) : 

A conventional automatic operation control apparatus 10 shown in FIG. 9 is 
comprised a position detecting device 11 for detecting the position of a traveling 
vehicle, an operation mode changeover and notifying device 12 which effects 
changeover between an automatic driving mode and a normal driving mode (in which 
normal -drive traveling controlled by a driver is performed) , an automatic driving 
controller 13 which controls driving of the vehicle, an actuator 14 which controls 
the traveling speed of the vehicle and the steering angle, and a detection device 
15 which detects a steering operation performed by the driver at the time of 
changeover of the traveling mode from the automatic-drive traveling mode to the 
normal -drive traveling mode. 

Detailed Description Text (103) : 

This conventional automatic operation control apparatus 10 is arranged to control 
traveling of the vehicle on the basis of the result of detection performed by the 
detection device 15. When the steering operation is detected at the time of 
changeover fro m automatic-drive traveling to normal -drive traveling, it is 
recognized that the driver is preparing for manual driving . That is, this result of 
detection of the steering operation indicates that the steering operation for 
steering the vehicle to the target road is being performed. In this situation, 
therefore, automatic driving control is not required and the operation mode can be 
changed from automatic-drive traveling to normal -drive traveling. 

Detailed Description Text (104) : 
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The conventional automatic operation control apparatus 10, however, requires a 
driver ' s operation for changing the vehicle traveling mode from the automatic-drive 
traveling mode to ..the normal -drive traveling mode during . automa tic-drive .. traveling . 
If the driver misses a point at which changeover from automatic-drive traveling to 
normal -drive traveling should be made, there is a possibility that the vehicle 
cannot travel the route on which the vehicle should travel. 

Detailed Description Text (105) : 

Also, it is thought that in the case where a driver previously sets points at which 
the vehicle traveling mode should be changed from automatic-drive traveling to 
normal -drive traveling, troublesome operations for setting of an exit point etc. 
are required. 

Detailed Description Text (106) : 

Consequently, the conventional automatic operation control apparatus is not capable 
of easily registering an automatic traveling section in comparison with this 
embodiment of the present invention. 

Detailed Description Text (110) : 

In this embodiment, a route search for a vehicle is performed by the navigation 
apparatus mounted on the vehicle, and a registration of the vehicle with respect to 
an automatic traveling section and cancellation of the registration are made by 
performing communication with the control server apparatus. However, the 
arrangement may alternatively be such that an data server apparatus is fixedly 
installed in a place freely selected; a communication terminal device is mounted on 
a vehicle; communication is performed between the data server apparatus and the 
communication terminal device to enable navigation of the vehicle; and 
identification data and route data of the vehicle are transmitted to a control 
server apparatus. 

Detailed Description Text (111) : 

In such a case, an automatic guidance system 200 is comprised, as shown in FIG. 8, 
an data server apparatus 210, a communication terminal device 220 which 
communicates with the data server apparatus 210 through a mobile communication 
network 102, and a control server apparatus 130. The control server apparatus 130 
communicates with the data server apparatus 210 through a communication line such 
as a public telephone network line. The communication terminal device 220 obtains 
position data and destination data for traveling of a vehicle 101 on which the 
communication terminal device 220 is mounted, and transmits the data to the data 
server apparatus 210. The data server apparatus 210 receives route data and 
identification data obtained by the communication terminal device, performs route 
search processing, and transmits necessary data to the control server apparatus 
130. 

Detailed Description Text (112): 

In this embodiment, the automatic guidance system is comprised the control server 
apparatus and the navigation apparatus or the control server apparatus, the data 
server apparatus and the communication terminal device. One of them is comprised by 
the above-described components. Each of the system control units 119 and 135 in the 
navigation apparatus and the data server apparatus or in the data server apparatus, 
the communication terminal device and the control server apparatus may be provided 
with a computer and a recording medium such as a hard disk. Programs for performing 
the above-described processings corresponding to the units of the data server 
apparatus and the navigation apparatus or the data server apparatus, the control 
server apparatus, and the communication terminal device may be stored on the 
recording mediums, and the programs may be read to the computers to enable the 
computers to respectively operate the data server apparatus and the navigation 
apparatus or the data server apparatus, the communication terminal device and the 
control server apparatus. 



http://westbrs:9000^in/gate.exe?f^doc&state=g4tebq.26J&ESNAME=KWIC&p 12/10/04 



Detailed Description Text (113) : 

In this case, each of the system control units 119 and 135 in the data server 

apparatus and the, navigation apparatus. or the data server apparatus, the 

communication terminal device and the control server apparatus is connected to the 
control units of the other apparatus. Each of their computers which is operated in 
a linked relationship performs one of the above-described registration processing, 
cancellation processing and reregistration processing. In this case, each of the 
system control units 119 and 135 is served as one of the registration device, 
acquisition device, route search device, re-search device, changeover data 
acquisition device, receiving device, route data acquisition device, and automatic 
guidance device in accordance with the present invention. 

Current US Cross Reference Classification (2) : 
701/208 

CLAIMS: 

1. An automatic vehicle guidance syst.em for guiding a vehicle which travels in an 
automatic traveling manner without being operated by a driver in an automatic 
traveling section which is an automatic traveling path, said automatic vehicle 
guidance system comprising: a control device for managing said automatic traveling 
section, and controlling the vehicle traveling in said automatic traveling section; 
an acquisition device for obtaining present position data indicating the present 
position of the vehicle, and destination data indicating a destination to be 
reached by the vehicle; a route search device for making a search for a travel 
route to the destination on the basis of the present position data and the 
destination data relating to the vehicle; and a registration device for registering 
said automatic traveling path which is included in the travel route if at least 
part of said automatic traveling section is included in the travel route as a 
result of the route search, wherein said control device controls automatic 
traveling of the vehicle along the registered automatic traveling path to perform 
automatic guidance of the vehicle. 

4. The automatic vehicle guidance system according to claim 3, in a case where at 
least one of the entry point data and the exit point data is registered by said 
registration device, further comprising: a receiving device for receiving arrival 
data indicating that the vehicle reaches at least one of the entry point and the 
exit point, wherein said control device controls at least one of starting and 
termination of automatic traveling of the vehicle on the basis of the arrival data. 

5. The automatic vehicle guidance system according to claim 3, in a case where at 
least one of the entry point data and the exit point data is registered by said 
registration device, further comprising: a detection device for detecting at least 
one of changeover of the traveling mode from the automatic traveling to normal- 
drive traveling based on manual operations, and changeover of the traveling mode 
from the normal -drive traveling to the automatic traveling, wherein said control 
device controls at least one of starting and termination of automatic traveling of 
the vehicle when said detection device detects at least one of changeover of the 
traveling mode at the entry point, and changeover of the traveling mode at the exit 
point . 

6. The automatic vehicle guidance system according to claim 5, wherein: said 
detection device detects changeover of the traveling mode based on condition data 
of the driver who is operating the vehicle. 

7. The automatic vehicle guidance system according to claim 6, wherein: the 
condition data has bodily data indicating condition which is included at least one 
of an awake condition and an. asleep condition of driver, and said detection device 
detects changeover of the traveling mode based on the bodily data. 
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10. The automatic vehicle guidance system according to claim 9, wherein: said 
navigation s.ystem comprises an data server device, fixedly installed^ and a 
communication terminal device mounted on the vehicle and communicating with said 
data server device through a mobile communication network, said communication 
terminal device and said data server device communicate with each other to perform 
navigation of the vehicle, said data server device and said registration device 
communicate with each other to register said automatic traveling path which is ^ 
included in the travel route as a result of the route search, and said control 
device performs automatic guidance of the vehicle traveling in said automatic 
traveling section. 

11. A control apparatus for an automatic vehicle guidance system for guiding a 
vehicle, which travels in an automatic traveling manner without being operated by a 
driver in an automatic traveling section which is an automatic traveling path, said 
control apparatus comprising: a control device for managing said automatic 
traveling section and controlling the vehicle traveling in said automatic traveling 
section; a route data acquisition device for obtaining route data indicating a 
travel route to destination to be reached by the vehicle as a result of route 
search based on present position data of the vehicle, and destination data 
indicating a destination to be reached by the vehicle; and a registration device 
for registering said automatic traveling path which is included in the travel route 
if at least part of said automatic traveling section is included in the travel 
route as a result of the route search, wherein said control device controls 
automatic traveling of the vehicle along the registered automatic traveling path to 
perform automatic guidance of the vehicle. 

12. The control apparatus according to claim 11, wherein: if a travel route to the 
destination is set by the re-search while the vehicle is traveling in said 
automatic traveling section, said registration device reregisters said automatic 
traveling path on the basis of the travel route set by the re-search. 

13. The control apparatus according to claim 11, wherein: when said registration 
device registers said automatic traveling path, it registers at least one of the 
identification data of the vehicle, entry point data indicating an entry point at 
which the vehicle enters said automatic trav^ling section, and exit point data 
indicating an exit point at which the vehicle exits from said automatic traveling 
section. 

14. The control apparatus according to claim 13, in a case where at least one • of 
the entry point data and the exit point data is registered by said registration 
device, further comprising: a receiving device for receiving arrival data 
indicating that the vehicle reaches at least one of the entry point and the exit 
point, wherein said control device controls at least one of starting and 
termination of automatic traveling of the vehicle on the basis of the arrival data. 



15. The control apparatus according to claim 13, in a case where at least one of 
the entry point data and the exit point data is registered by said registration 
device, further comprising: a changeover data acquisition device obtains changeover 
data which includes at least one of data indicating changeover of the traveling 
mode from the automatic traveling to normal -drive traveling based on manual 
operations in the vehicle, and data indicating changeover of the traveling mode 
from the normal -drive traveling to the automatic traveling in the vehicle, wherein 
said control device controls at least one of starting and termination of automatic 
traveling of the vehicle when said changeover data acquisition device obtains the 
changeover data. 

17. 7\n automatic vehicle guidance method in which automatic guidance of a vehicle 
is performed by controlling traveling of the vehicle in an automatic traveling 
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section which is a travel path on which the vehicle travels in an automatic 
traveling manner without being operated by a driver^ comprising: an acquisition 
process, of obtaining present position _.data indicating the present position of the^. . 
vehicle, and destination data indicating a destination to be reached by the 
vehicle; a route search process of making a search for a travel route to the 
destination on the basis of the present position data and the destination data 
relating to the vehicle; a registration process of registering said automatic 
traveling path which is included in the travel route if at least part of said 
automatic traveling section is included in the travel route as a result of the 
route search; and an automatic guidance process of controlling automatic traveling 
of the vehicle along the registered automatic traveling path to perform automatic 
guidance of the vehicle. 

21. A data recorded medium wherein an automatic vehicle guidance program is 
recorded so as to be read by a computer, the computer included in an automatic 
vehicle guidance system for guiding a vehicle which travels in an automatic 
traveling manner without being operated by a driver in an automatic traveling 
section which is an automatic traveling path, the automatic vehicle guidance 
program causing the computer to function as: a control device manages said 
automatic traveling section and controls the vehicle traveling in said automatic 
traveling section; an acquisition device obtains present position data indicating 
the present position of the vehicle, and destination data indicating a destination 
to be reached by the vehicle; a route search device makes a search for a travel 
route to the destination on the basis of the present position data and the 
destination data relating. to the vehicle; and a registration device registers said 
automatic traveling path which is included in the travel route if at least part of 
said automatic traveling section is included in the travel route as a result of the 
route search; and an automatic guidance device controls automatic traveling of the 
vehicle along the registered automatic traveling path to perform automatic guidance 
of the vehicle. 
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Application Filing Date (1} : 
20021025 

Brief Summary Text (3) : 

The present invention relates to techniques for automatic-drive traveling of a 
vehicle in techniques relating to intelligent transport systems (ITS) and, more 
particularly, to a technique for registering an automatic traveling route for a 
vehicle by using a navigation system. 

Brief Summary Text (5) : 

In recent years, techniques have been realized which relate to intelligent 
transport systems (ITS) in which automatic toll payment and collection operations 
(in an automatic toll collection system) are performed by transmitting and 
receiving data between a vehicle and apparatuses installed on roads by mobile 
communication system. Studies of other techniques relating to ITS, i.e., techniques 
for support to careful driving, optimization of traffic control, etc. have also 
been advanced. In particular, studies of a kind of automatic guidance system 
relating to automatic traveling are being advanced by experiments based on 
traveling of actual vehicles. In the automatic guidance system, a driver does not 
perfor m driving operations but traveling of a vehicle such as a automobile in which 
the driver is riding is controlled in guiding the traveling vehicle. 

Brief Summary Text (6) : 

For realization of such an automatic guidance system, building of infrastructures 
including roads is required as well as providing special-purpose equipment in 
vehicles. Possible forms of roads on which automatic traveling is performed include 
one in which particular travel paths are set as automatic traveling sections in 
which only vehicles capable of complete automatic traveling can be made to travel, 
and one in which an automatic traveling section and a non -automatic traveling 
section in which vehicles travel ordinarily by being operated by drivers are set in 
parallel with each other. That is, even if an automatic guidance system is • 
realized, automatic traveling of all vehicles in operation is not possible at an 
initial stage of implementation of the system or automatic traveling cannot be 
performed on some roads, and conventional sections in which vehicles are manually 
driven by drivers and vehicles driven by drivers in the conventional manner 
coexist. For this reason, the above-described forms of roads are conceivable. 

Brief Summary Text (8) : 

The conventional automatic operation control apparatus, however, requires a 
driver ' s operation for changing the vehicle traveling mode from the automatic-drive 
traveling mode to the normal -drive traveling mode during automatic-drive traveling. 
If the driver misses a point at which changeover from automatic-drive traveling to 
normal -drive traveling should be made, there is a possibility that the vehicle 
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cannot travel the route on which the vehicle should travel. 



Brief Summary Text (9): — , . ...v . 

AlsO/ it is thought that in the case where a driver previously sets points at which 
the vehicle traveling mode should be changed from automatic-drive traveling to 
normal -drive traveling^ troublesome operations for setting of an exit point etc. 
are required. 

Brief Summary Text (12) : 

The above object of present invention can be achieved by an automatic vehicle 
guidance system of the present invention. The automatic vehicle system for guiding 
a vehicle which travels in an automatic traveling manner without being operated by 
a driver in an automatic traveling section which is an automatic traveling path is 
provided with: a control device for managing the automatic traveling section, and 
controlling the vehicle traveling in the automatic traveling section; an 
acquisition device for obtaining present position data indicating the present 
position of the vehicle, and destination data indicating a destination to be 
reached by the vehicle; a route search device for making a search for a travel 
route to the destination on the basis of the present position data and the 
destination data relating to the vehicle; and a registration device for registering 
automatic traveling path which is included in the travel route if at least part 
of the automatic traveling section is included in the travel route as a result of 
the route search, and the control device controls automatic traveling of the 
vehicle along the registered automatic traveling path to perform automatic guidance 
of the vehicle. 

Brief Summary Text (26) : 

In one aspect of the present invention, in a case where at least one of the entry 
point data and the exit point data is registered by the registration device the 
automatic vehicle guidance system is further provided with: a detection device for 
detecting at least one of changeover of the traveling mode from the automatic 
traveling to normal -drive traveling based on manual operations, and changeover of 
the traveling mode from the normal -drive traveling to the automatic traveling, and 
the control device controls at least one of starting and termination of automatic 
traveling of the vehicle when the detection device detects at least one of 
changeover of the traveling mode at the entry point, and changeover of the 
traveling mode at the exit point. 

Brief Summary Text (28) : 

Accordingly, if changeover of the traveling mode is detected when the vehicle 
enters the automatic traveling section or exits from the automatic traveling 
section, automatic traveling can be started or terminated. For example, if the 
traveling mode is not changed to normal -drive traveling after the completion of 
traveling through the automatic traveling section, the vehicle is not allowed to 
enter a normal -drive traveling path but made to turn aside into a parking area or 
the like. Thus, safety of the vehicle traveling in both automatic and non-automatic 
traveling sections can be ensured without requiring any troublesome operation. 

Brief Summary Text (29) : 

In one aspect of the present invention, the automatic vehicle guidance system is 
further provided with: the detection device detects changeover of the traveling 
mode based on condition data of the driver who is operating the vehicle. 

Brief Summary Text (30) : 

According to the present invention, it is possible to prevent the vehicle from 
exiting from the automatic traveling section into a non -automatic traveling section 
when the driver is unable to operate the vehicle, thus ensuring safety of the 
vehicle traveling in both automatic and non -automatic traveling sections. 

Brief Summary Text (31) : 



http://westbrs:9000/bin/gate.exe?f^doc&state=g4tebq.23J&ESNAME=KWIC^ 12/10/04 



In one aspect of the present invention, the automatic vehicle guidance system is 
further provided with: the condition data has bodily data indicating condition 

which is included at .least one .of an awake condition-,and..an asleep ..condition., of . .... ... 

driver, and the detection device detects changeover of the traveling mode based on 
the bodily data. 

Brief Summary Text (32) : 

According to the present invention, it is possible to prevent the vehicle from 
exiting from the automatic traveling section into a non -automatic traveling section 
when normal driving is not possible, thus ensuring safety of the vehicle traveling 
in both automatic and non -automatic traveling sections. 

Brief Summary Text (39) : 

The above object of present invention can be achieved by a control apparatus for an 
automatic vehicle guidance system for guiding a vehicle which travels in an 
automatic traveling manner without being operated by a driver in an automatic 
traveling section which is an automatic traveling path of the present invention. 
The control apparatus is provided with: a control device for managing the automatic 
traveling section and controlling the vehicle traveling in the automatic traveling 
section; a route data acquisition device for obtaining route data indicating a 
travel route to destination to be reached by the vehicle as a result of route 
search based on present position data of the vehicle, and destination data 
indicating a destination to be reached by the vehicle; and a registration device 
for registering the automatic traveling path which is included in the travel route 
if at least part of the automatic traveling section is included in the travel route 
as a result of the route search, and the control device controls automatic 
traveling of the vehicle along the registered automatic traveling path to perform 
automatic guidance of the vehicle. 

Brief Summary Text (53) : 

In one aspect of the present invention, in a case where at least one of the entry 

point data and the exit point data is registered by the registration device, the 
control apparatus is further provided with: a changeover data acquisition device 
obtains changeover data which includes at least one of data indicating changeover 
of the traveling mode from the automatic traveling to normal -drive traveling based 
on manual operations in the vehicle, and data indicating changeover of the 
traveling mode from the normal -drive traveling to the automatic traveling in the 
vehicle, the control device controls at least one of starting and termination of 
automatic traveling of the vehicle when the changeover data acquisition device 
obtains the changeover data. 

Brief Summary Text (55) : 

Accordingly, if changeover of the traveling mode is detected when the vehicle 
enters the automatic traveling section or exits from the automatic traveling 
section, automatic traveling can be started or terminated. For example, if the 
traveling mode is not changed to normal -drive traveling after the completion of 
traveling through the automatic traveling section, the vehicle is not allowed to 
enter a normal -drive traveling path but made to turn aside into a parking area or 
the like. Thus, safety of the vehicle traveling in both automatic and non-automatic 
traveling sections can be ensured without requiring any troublesome operation. 

Brief Summary Text (58) : 

The above object of present invention can be achieved by an automatic vehicle 
guidance method of the present invention. The automatic vehicle method, in which 
automatic guidance of a vehicle is performed by controlling traveling of the 
vehicle in an automatic traveling section which is a travel path on which the 
vehicle travels in an automatic traveling manner without being operated by a 
driver, is provided with: an acquisition process of obtaining present position data 
indicating the present position of the vehicle, and destination data indicating a 
destination to be reached by the vehicle; a route search process of making a search 
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for a travel route to the destination on the basis of the present position data and 
the destination data relating to the vehicle; a registration process of registering 
... the.. autoinatix:^ traveling^ path^.which .is^ included in.. the-.travel..xoute«if .at-least^part_ 
of the automatic traveling section is included in the travel route as a result of 
the route search; and an automatic guidance process of controlling automatic 
traveling of the vehicle along the registered automatic traveling path to perform 
automatic guidance of the vehicle. 

Brief Summary Text (71) : 

The above object of present invention can be achieved by a data recorded medium of 
the present inversion automatic vehicle guidance system of the present invention 
wherein an automatic vehicle guidance program is recorded so as to be read by a 
computer, the computer included in an automatic vehicle guidance system for guiding 
a vehicle which travels in an automatic traveling manner without being operated by 
a driver in an automatic traveling section which is an automatic traveling path, 
the automatic vehicle guidance program causing the computer to function as: a 
control device manages the automatic traveling section and controls the vehicle 
traveling in the automatic traveling section; an acquisition device obtains present 
position data indicating the present position of the vehicle, and destination data 
indicating a destination to be reached by the vehicle; a route search device makes 
a search for a travel route to the destination on the basis of the present position 
data and the destination data relating to the vehicle; and a registration device 
registers the automatic traveling path which is included in the travel route if at 
least part of the automatic traveling section is included in the travel route as a 
result of the route search; and an automatic guidance device controls automatic 
traveling of the vehicle along the registered automatic traveling path to perfoirm 
automatic guidance of the vehicle. 

Drawing Description Text (7) : 

FIGS. 6A, 6B, and 6C are diagrams each showing an example of a changeover notice 
displayed on a display unit at the time of changeover from automatic traveling to 
normal -drive traveling in the embodiment of the present invention; 

Detailed Description Text (7 ) : 

As shown in FIG. 1, the automatic guidance system 100 of this embodiment is 
constituted by a navigation apparatus 110 mounted on a vehicle, 101, and a control 
server apparatus 130 provided as a stationary unit in an automatic travel control 
center for control over an automatic traveling section in which traveling of a 
vehicle is controlled with no driver ' s operation. The control server apparatus 130 
and the navigation apparatus 110 have a communication line established therebetween 
through a mobile communication network 102 which includes a public telephone 
network line or an Internet. 

Detailed Description Text (18) : 

As shown in FIG. 2, the navigation apparatus 110 is constituted by a GPS receiving 
unit 111 which is connected to an antenna AT, and which receives GPS data, a 
speed/acceleration sensor unit 112 which detects the speed of traveling and 
acceleration of the vehicle, an azimuth sensor section 113 that senses the azimuth 
of the vehicle, a VICS data receiving unit 114 which receives VICS data from the 
vehicle information and communication system (VICS), a map data storage unit 115 in 
which map data is stored, an operating unit 116, a display unit 117 which displays 
map data and the position of the vehicle, a speech guidance unit 118 which outputs 
speeches for guidance, a system control unit 119 for overall control of the system, 
and a communication unit 120 which is connected to the antenna AT, and which 
performs communication with the control server apparatus 130. 

Detailed Description Text (25) : 

The map data storage unit 115 stores, in a readable state, map data such as road 
maps and other sorts of data necessary for travel guidance. For example, the map 
data storage unit 115 is constituted by a DVD drive which reads out map data or the 
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like from a DVD-read only memory (DVD-ROM) on which data necessary for travel 
guidance including the map data is stored/ or a hard disk having map data etc. 
atored. thereon. — ^ . — . ^ . 

Detailed Description Text (27) : 

The display unit 117 displays map data output from the map data storage unit 115, 
and data on various conditions. including those relating to travel guidance 
performed by the navigation apparatus 110, and data on a destination. 

Detailed Description Text (28) : 

The speech guidance unit 118 outputs, in speech form, travel route guidance data. 
The travel route guidance data include data on the vehicle traveling direction from 
the next intersection, and data to be notified directly to the driver in guidance 
(congestion data, road closure data, etc.). 

Detailed Description Text (30) : 

The system control unit 119 controls display unit 117 etc. so that the above- 
described travel route guidance data is displayed on display unit 117 in a map on 
which the present position of the vehicle is shown in a peripheral area on the 
basis of traveling data (vehicle position and speed data) obtained by a position 
computation unit (not shown) . The system control unit 119 also controls the speech 
guidance unit 118 etc. so that corresponding travel route guidance data or the like 
is output as a speech from the speech guidance unit 118. 

Detailed Description Text (32) : 

More specifically, the system control unit 119 searches the map data storage unit 
115 on the basis of mobile data and navigation data received by the GPS receiving 
unit 111 to obtain predetermined data, and performs navigation processing including 
processing for search for a route to be traveled by the vehicle 101 on which the 
navigation apparatus 110 is mounted, and processing for guiding the vehicle 101 
along the route. The system control unit 119 transmits a route search result, i.e., 
route data, to the control server apparatus 130 via the communication unit 120. 

Detailed Description Text (34) : 

Further, the system control unit 119 is connected to a traveling mode changeover 
unit (not shown) which effects changeover between automatic traveling and normal- 
drive traveling controlled by the driver, and detects changeover between automatic 
traveling and normal -drive traveling. When the mode of traveling of the vehicle is 
changed from automatic traveling to normal -drive traveling or from normal -drive 
traveling to automatic traveling by the traveling mode changeover unit, the system 
control unit 119 transmits changeover data to the control server apparatus 130 via 
the communication unit 120 to inform the control server apparatus 130 that the 
traveling methods have been switched (condition data) . 

Detailed Description Text (35) : 

Specifically, in this embodiment, data on bodily conditions of the driver, e.g., 
condition of awaking and condition of sleep is detected when the traveling mode is 
changed from the automatic traveling mode to the normal driving mode. The traveling 
mode is changed after detecting such data. 

Detailed Description Text (47) : 

The automatic traveling section data recording unit 134 are recorded point data on 
an entry point and an exit point in the automatic traveling section (if a plurality 
of entry points and plurality of exit points exist, all the entry and exit points) , 
and data on the automatic traveling section, i.e., data on confluence points, 
divergence points, drive stop areas (parking areas), drive rest areas (service 
areas), etc. According to an instruction from the system control unit 135, the 
database 133 is searched for predetermined data, which is output to the system 
control unit 135. 
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Detailed Description Text (51) : 

Identification check terminals (not shown) for identifiing vehicles 101 are placed 
-in ..the .automatic .traveling..-section.^ .Each-^identificationwCheck -terminal -is. -used . for_ 
transmitting and receiving identification data between the system control unit 135 
and each vehicle 101. When one vehicle 101 reaches an entry point, the system 
control unit 135 receives automatic traveling start confirmation data transmitted 
from the vehicle 101, collates with the database the identification data of the 
vehicle 101 detected by the identification check terminal, and instructs each unit 
to start processing for automatic traveling if the corresponding data has already 
been registered in the database 133. If there is no corresponding data registered 
in the database 133 after collating the identification data of the detected vehicle 
101 with the database 133, the system control unit 135 registers the identification 
data of the detected vehicle 101 in database 133 through the operating unit 116 of 
the navigation apparatus 110. In this embodiment, similar processing is performed 
at the exit point for changeover from automatic traveling to normal -drive 
traveling . 

Detailed Description Text (81) : 

When the system control unit 119 receives the exit confirmation data (step S41), it 
provides a notice for requesting the driver to operate a certain device for 
switching from automatic traveling to manual traveling (i.e., normal -drive 
traveling) (step S42) . For example, visual data such as shown in FIG. 6A is 
displayed on the display unit 117, or a speech notice is output from the speech 
guidance unit 118. 

Detailed Description Text (86) : 

The vehicle 101 permitted to exit can perform normal-drive traveling. Therefore it 
exits from the automatic traveling section into a non -automatic traveling section 
and starts normal -drive traveling. 

Detailed Description Text (87) : 

In the case where the system control unit 135 in the control server unit 130 has 
received changeover non-confirmation data, it determines that the driver is in such 
a condition that he or she cannot drive the vehicle 101, and controls each unit so 
that the vehicle .101 is made to turn aside out of the travel path into a parking 
area or the like (step S55) , and terminates the operation. 

Detailed Description Text (101): 

When switching of the traveling mode from automatic traveling to normal -drive 
traveling or from normal -drive traveling to automatic traveling at an entry point 
or an exit point in the automatic traveling section is detected, starting and 
termination of automatic traveling of the vehicle can be controlled. Therefore, if 
switching of the traveling mode is detected when the vehicle 101 enters the 
automatic traveling section or exits from the automatic traveling section, 
automatic traveling can be started or terminated. If the traveling mode is not 
switched to normal -drive traveling after the completion of traveling through the 
automatic traveling section, the vehicle is not allowed to enter a normal -drive 
traveling path but made to turn aside into a parking area or the like. Thus, safety 
of the vehicle traveling in both automatic and non-automatic traveling sections can 
be ensured without requiring any troublesome operation. 

Detailed Description Text (102) : 

A conventional automatic operation control apparatus 10 shown in FIG. 9 is 
comprised a position detecting device 11 for detecting the position of a traveling 
vehicle, an operation mode changeover and notifying device 12 which effects 
changeover between an automatic driving mode and a normal driving mode (in which 
normal -drive traveling controlled by a driver is performed) , an automatic driving 
controller 13 which controls driving of the vehicle, an actuator 14 which controls 
the traveling speed of the vehicle and the steering angle, and a detection device 
15 which detects a steering operation performed by the driver at the time of 
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changeover of the traveling mode from the automatic-drive traveling mode to the 
normal -drive traveling mode. 

Detailed Description Text (103) : 

This conventional automatic operation control apparatus 10 is arranged to control 
traveling of the vehicle on the basis of the result of detection performed by the 
detection device 15. When the steering operation is detected at the time of 
changeover fro m automatic-drive traveling to normal -drive traveling, it is 
recognized that the driver is preparing for manual driving . That is, this result of 
detection of the steering operation indicates that the steering operation for 
steering the vehicle to the target road is being performed. In this situation, 
therefore, automatic driving control is not required and the operation mode can be 
changed from automatic-drive traveling to normal -drive traveling. 

Detailed Description Text (104) : 

The conventional automatic operation control apparatus 10, however, requires a 
driver ' s operation for changing the vehicle traveling mode from the automatic-drive 
traveling mode to the normal -drive traveling mode during automatic-drive traveling. 
If the driver misses a point at which changeover from automatic-drive traveling to 
normal -drive traveling should be made, there is a possibility that the vehicle 
cannot travel the route on which the vehicle should travel. 

Detailed Description Text (105) : 

Also, it is thought that in the case where a driver previously sets points at which 
the vehicle traveling mode should be changed from automatic-drive traveling to 
normal -drive traveling, troublesome operations for setting of an exit point etc. 
are required. 

Current US Cross Reference Classification (2) : 
701/208 

CLAIMS: 

1. An automatic vehicle guidance system for guiding a vehicle which travels in an 
automatic traveling manner without being operated by a driver in an automatic 
traveling section which is an automatic traveling path, said automatic vehicle 
guidance system comprising: a control device for managing said automatic traveling 
section, and controlling the vehicle traveling in said automatic traveling section; 
an acquisition device for obtaining present position data indicating the present 
position of the vehicle, and destination data indicating a destination to be 
reached by the vehicle; a route search device for making a search for a travel 
route to the destination on the basis of the present position data and the 
destination data relating to the vehicle; and a registration device for registering 
said automatic traveling path which is included in the travel route if at least 
part of said automatic traveling section is included in the travel route as a 
result of the route search, wherein said control device controls automatic" 
traveling of the vehicle along the registered automatic traveling path to perform 
automatic guidance of the vehicle. 

5. The automatic vehicle guidance system according to claim 3, in a case where at 
least one of the entry point data and the exit point data is registered by said 
registration device, further comprising: a detection device for detecting at least 
one of changeover of the traveling mode from the automatic traveling to normal- 
drive traveling based on manual operations, and changeover of the traveling mode 
from the normal -drive traveling to the automatic traveling, wherein said control 
device controls at least one of starting and termination of automatic traveling of 
the vehicle when said detection device detects at least one of changeover of the 
traveling mode at the entry point, and changeover of the traveling mode at the exit 
point . 
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6. The automatic vehicle guidance system according to claim 5^ wherein: said 
detection device detects changeover of the traveling mode based on condition data 

-.of .^the ,. driver. -Who .is,.operating. the .vehicle.. * ..^ . 

7. The automatic vehicle guidance system according to claim 6, wherein: the 
condition data has bodily data indicating condition which is included at least one 
of an awake condition and an asleep condition of driver, and said detection device 
detects changeover of the traveling mode based on the bodily data. 

11. A control apparatus for an automatic vehicle guidance system for guiding a 
vehicle, which travels in an automatic traveling manner without being operated by a 
driver in an automatic traveling section which is an automatic traveling path, said 
control apparatus comprising: a control device for managing said automatic 
traveling section and controlling the vehicle traveling in said automatic traveling 
section; a route data acquisition device for obtaining route data indicating a 
travel route to destination to be reached by the vehicle as a result of route 
search based on present position data of the vehicle, and destination data 
indicating a destination to be reached by the vehicle; and a registration device 
for registering said automatic traveling path which is included in the travel route 
if at least part of said automatic traveling section is included in the travel 
route as a result of the route search, wherein said control device controls 
automatic traveling of the vehicle along the registered automatic traveling path to 
perform automatic guidance of the vehicle. 

15. The control apparatus according to claim 13, in a case where at least one of 
the entry point data and the exit point data is registered by said registration 
device, further comprising: a changeover data acquisition device obtains changeover 
data which includes at least one of data indicating changeover of the traveling 
mode from the automatic traveling to normal -drive traveling based on manual 
operations in the vehicle, and data indicating changeover of the traveling mode 
from the normal -drive traveling to the automatic traveling in the vehicle, wherein 
said control device controls at least one of starting and termination of automatic 
traveling of the vehicle when said changeover data acquisition device obtains the 
changeover data. 

17. An automatic vehicle guidance method in which automatic guidance of a vehicle 
is performed by controlling traveling of the vehicle in an automatic traveling 
section which is a travel path on which the vehicle travels in an automatic 
traveling manner without being operated by a driver, comprising: an acquisition 
process of obtaining present position data indicating the present position of the 
vehicle, and destination data indicating a destination to be reached by the 
vehicle; a route search process of making a search for a travel route to the 
destination on the basis of the present position data and the destination data 
relating to the vehicle; a registration process of registering said automatic 
traveling path which is included in the travel route if at least part of said 
automatic traveling section is included in the travel route as a result of the 
route search; and an automatic guidance process of controlling automatic traveling 
of the vehicle along the registered automatic traveling path to perform automatic 
guidance of the vehicle. 

21. A data recorded medium wherein an automatic vehicle guidance program is 
recorded so as to be read by a computer, the computer included in an automatic 
vehicle guidance system for guiding a vehicle which travels in an automatic 
traveling manner without being operated by a driver in an automatic traveling 
section which is an automatic traveling path, the automatic vehicle guidance 
program causing the computer to function as: a control device manages said 
automatic traveling section and controls the vehicle traveling in said automatic 
traveling section; an acquisition device obtains present position data indicating 
the present position of the vehicle, and destination data indicating a destination 
to be reached by the vehicle; a route search device makes a search for a travel 
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route to the destination on the basis of the present position data and the 
destination data relating to the vehicle; and a registration device registers said 
--automatic -traveling path which, is, -included.-in .the ..travel-..route..if..at*least„part_of 
said automatic traveling section is included in the travel route as a result of the 
route search; and an automatic guidance device controls automatic traveling of the 
vehicle along the registered automatic traveling path to perform automatic guidance 
of the vehicle. 
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an array of sensors including at least one range sensor for detecting objects and 
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vehicle, and at least one camera located in each of the front and rear areas of the 
vehicle. 
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[57] ABSTRACT 

An autonomous vehicle and method for controlling it 
includes an iiq>ut unit to receive one or more^travel^orders, 
a route planning unit containing at least one position finding 
device and ^digitil^fiecfmap, a vehicle path generating a^ 
unit, an array of sensois including at least one range sensor 
for detecting objects and at least one range sensor for 
detecting the oooditioo features of the route, a collision 
avoidance unit, a vehicle condition data recognition unit, a 
vehicle control unit and a unit for controlling the vehicle 
actuator system based on the signals generated by the 
vehicle control unit, wherein the array of sensors includes at 
least two essentially horizontally directed range sensors at 
the front of the vehicle, at least one range sensor at the rear 
area of the vehicle, at least one trackable range sensor on the 
roof of the vehicle and directed at the roadway, ultrasonic 
sensors and/or microwave radar sensors arranged on each 
side of the vehicle, and at least one camera located in each 
of the firont and rear areas of the vehicle. 
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AUTONOMOUS VEHICLE ARRANGEMENT measures the length of the lines in relation to the vehicle. In 

AND METHOD FOR CONTROLLING AN particular, through the sensing of the white lines on the 

AUTONOMOUS VEHICLE travel path, the spatial relationship between the vehicle and 

the travel path is calculated, i.e. the distance of the vehide 

BACKGROUND OF THE INVENTION $ from the white line on the left and/or right side of tte travel 

„ . . . . . . , path, the angle between the forward direction of the vehicle 

This invention relates to an autonomous vehicle arrange- ^ ^^^^^ ^^^^ ^ in the case of a curved 

mem and methods for controlhng autonomous vehicles. ^^^^y ^^^^ direction of the curve is determined at half 

Many efforts to provide autonomous vehicles have been the distance of the travel path. In addition, the distance of the 

made. As used herein "autonomous vehide" means a driv- vehicle from an intersection is determined by detecting and 

erless vehicle that moves independently from a point of measuring the intersection point of the white lines before the 

origin to a destination, with or without human passengers. intersection is reached. 

Autonomous vehicles must be distinguished from vehicles j^^ j^jage processing unit further contains an ultrasonic 

that are remotely controlled by wire or radio so that a person sensor, a laser radar and the like for detecting obsUcles 

outside of the vehicle continues to take responsibility for the located on the travel path in front of the vehicle and to the 

movement. si^jg of vehide, as, for example, a vehicle traveling in 

Autonomous vehicles have already reached such a stan- front, a protective barrier, and the like, and for t ransmitting 

dard in the field of materials transit that they have found the corresponding information to a position finding unit of 

a variety of industrial applications. Thus, autonomous the vehicle. The position finding unit includes two wheel 

vehicle arrangements have been proposed in which a guide ^ speed sensors that are located on the left and right rear 

cable or control wire is disposed along a route and the wheels of the vehicle, a processing unit that receives and 

vehicle is guided along the guide cable. When a specific processestheoutputsignalsof the two wheel speed sensors, 

signal is trananitted to the guide cable, the presence of the and a calculation unit for calculating the location of the 

signal is detected by a pickup coil installed on the vehicle, vehicle in global coordinates. The wheel speed sensors 

and the vehide moves along the guide cable route, and any detect the roUtion of the vehicle's rear \v^ecls and generate 

deviation from the prescribed route is determined with the several thousand pulses per revolution for each wheel. When 

aid of the guide cable. In a further conventional arrangement a difference is found in the number of pulses generated for 

for an autonomous vehicle system, an optically reflecting the individual wheels, this means that there is a difference in 

tape, for example an aluminum or polyvinyl tape, is placed the distance covered by the corresponding wheels, and this 

along the surface of the travel path instead of a guide cable, difference in the distance covered forms the basis for deter- 

and a light projector and a photodetector are mounted on the mining the curvature of the section of travel path being 

autonomous vehicle. The light emitted by the projector is traveled by the vehicle. In addition, the distance covered by 

reflected by the tape and received by the photodetector and, both wheels indicates the distance traveled by the vehicle, 

in this way, the unmanned vehicle is guided along the The path of the vehicle can thus be calculated, on the basis 

reflecting tape. A disadvantage of the conventional autono- 35 of the sequences of data provided by the wheel speed 

mous vehicle arrangements is that desired vehicle routes sensors. In particular, information relating to the location 

cannot be freely chosen, but instead must be installed in and position of the vehicle at a specific point in time, i.e. 

advance. information regarding the vehicle's location and direction of 

U.S. Pat. No. 5,229,241 discloses an autonomous trans- travel in an X-Y coordinate system, can be derived, 
port vehide containing an image processing unit that pho- 40 If the vehicle location is known at the start of the trip, the 
tographs the environment in the forward direction of the current location of the vehicle during the trip can be moni- 
vehicle and processes the photographed image, a position tored continuoudy, since the ^eel ^eed data is processed 
finding unit that calculates the position of the vehicle in an sequentially. Because tl^ errors in the determination of 
absolute coordinate system on the basis of information vehicle location accumulate, the measurement errors 
obtained from a wheel speed srasor, a gyroscope and the 45 increase with increasing distance traveled by the vehide. For 
like, a drive unit that includes the vehicle's steering, gas this reason, a gyroscope is provided so that the position in 
pedal, brake system, turn signals and the like as well as an absolute coordinate system can be determined with high 
actuators to operate these devices including the associated accuracy. However, such an autonomous vehicle for mate- 
servo drivers, a unit in which are stored site plan data and rial transport is only suitable for use in defined areas, such 
map data regarding a destination and information defining a 50 as manufacturing halls or an industrial plant, where neariy 
route, a travel control unit that controls the drive imit with identical external conditions prevail, 
the aid of the information obtained from the im^e process- in addition, German Offenlegungsschrift No. 41 24 654 
ing unit, the position finding unit, and the information describes a method for continuous and automatic vehicle 
storage unit in such a way that the vehicle drives to a final orientation on a travel path in which an automatic vehicle 
destination, and a user interface for entry of information 55 guidance system is provided for better utilization of trans- 
relating to a destination, i.e., a variety of destination points port aq)adty of U-affic routes. In this method, a television 
that are defined on the route by the travel control unit, and camera that is mounted on the vehicle as high as possible 
for di^lay of the image obtained from the image processing above the travel path continuously traismits digitized image 
unit as well as other information. sequences at the video rate to a computer system with a 

For this purpose, the image processing unit includes two 60 program for spedal signal processing and interpretation in 

cameras located at the front of the vehicle which record a the vehicle. In this method, generic street models and 

stereo image of the environment. The spatial image photo- simple, generic, dynamic niodels for the vehicle movement 

graphed by the two cameras is converted through an inverse are utiUzed in order to be able to use previously incorporated 

transformation in an image processing unit into a plane travel path recognition and relative vehicle position recog- 

image. For instance, the image processing unit identifies a 65 nition to evaluate the next image. For this purpose, three 

pair of white guide lines painted along the travel path, a partial models are combined. Monocular image data of only 

travel path side boundary, a center line and the like, and the last image are analyzed with recursive estimation mcth- 
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ods to determine street parameters and the vehicle's location side of the vehicle, and at least one camera mounted at each 

with re^)ect to the streets. In this way, a ^atial projection is of the front and rear areas of the vehicle. Preferably, a 

produced in the computer of the current street path in the thermal imaging camera for detec^g the presence of living 

area of prediction. creatures is moimted at the front region of the vehicle. 

U.S. Pat. No. 5,610^15 discloses an autonomoiis vehicle, ^ In accordance with the method of the inventioa a desired 

specifically for use in open-pit mining, that has a first travel destinatioii for the vehicle is entered in an input unit, 

position fiiiding system based on GPS (Global Positioning the current location of the vehicle is detennined, and an 

System) and a second IRU (Inertial Reference Unit) posi- optimal travel route is planned by a route planner taldng into 

tioning ^tem based on a gyroscope, and the data from account traffic informatioii, information previously stored in 

these systems are computed together in a third position ^0 a digital map, and information detected by sensors on the 

finding system for accurate position determination. In vehicle, and concluding signals are supplied to a vehicle 

addition, the autonomous vehicle contains a navigation control system which controls vehicle actuators in accor- 

system by which the vehicle can be guided on predefined or dance with the received signals. 

dynamically determined routes. The navigation system lo this arrangement, various sensors which are conven- 

monitors the current position as well as the mechanical 15 ^^^^ ^ motor vehicles are synergistically used together so 

vehicle components such as brakes, steering and motor, and that the array of sensors can, in the broadest sense, reliably 

can shut down the vehicle if serious malfunctions occur. detect and appropriately react to aU surrounding objects 

Moreover, the navigation system inchides an c*stacle detec- and/or obstacles under aU weather conditions and in a wide 

tion device in order to detect objects located on the planned variety of traffic situations, including operation on roads, 

route and, if r^ccssary, to steer an avoidance course or stop 20 ^ possible to use an autonomous vehicle in 

the vehicle. For this purpose, an infrared laser scanner in traffic on public roads or in other complex environments, 
single line mode is placed on the roof of the vehicle, where 

the scarming angle is between 10** and 30°. The scanning BRIEF DESCRIPTION OF THE DRAWINGS 
beam is oriented in sudi a way that it does not reach the 

ground. This ensures that detected obstacles arc not the 25 Further objects and advantages of the invention will be 

resultofirregularitiesintheground. For detection of ground apparent from a reading of ibc following description in 

irregularities, a second laser scanner in multiple fine mode conjunction with the accompany drawings, in whidi: 

is aimed at the ground at a specific angle. That angle is FIG. lis a top view showing a representative embodiment 

selected in such a way that obstacles are detected at a of an autonomous vehicle according to the invention having 

distance corresponding to the vehicle stopping distance so ^ an array of sensors; 

that the vehicle can be stopped in time before reaching the piG. 2 is a top view of an autonomous vehicle showing a 

obstacle. vehicle actuator system; 

This autonomous vehicle designed e^)ecially for open-pit FIG. 3 is a top view showing the radiation pattern of a 

mining is very advanced in the areas of position finding and radar sensor; 

route generation, but does not take into account important 4 ^3 stowing the radiation pattern of a laser 

a^cts for the use of an autonomous vehicle in traffic on g^anner sensor in the front area of the vehicle; 

public roads. Thus, for example, a limitation of the field of ^ « . j- , 

r„-«„, *^ 1 ♦ J • * ui • . ♦ or rIG. 5 illustrates the radiation pattern of a laser scaimer 

view to be evaluated is not possible in street traffic, smce ... - . f- 

i_. , sensor m the rear area of the vehicle; 

vehicles on mergmg streets must be detected m advance m '^"^^ 

a timely manner, on the one hand in order to adapt the ^ ^ is a side view showing the radiation pattern of a 

driving behavior to the applicable traffic regulations, and on ^*ser seamier sensor directed at the roadway in the front area 

the other hand also to be able to react preventively to vehicle; 

improper behavior of a vehicle on a meiging street. This FIG. 7 is a top view showing the scanning pattern of two 

illustrates that, while basic structures of the known autono- cameras located at the sides of the vehicle; 

mous vehicles are generally suitable in part, as, for example, FIG. 8 is a schematic block diagram illustrating the top 

the position finding system, others are inadequate in the hierarchical level of the autonomous vehicle; and 

known art. piQ 9 ^ ^ ^^j^^j^ diagram illustrating the airangement of 

SUMMARY OF THE INVENTION ^ ^^^"^ generating a virtual guide wire. 

Accordingly, it is an object of the present invention to ^° DESCRIPTION OF PREFERRED 

provide an autonomous vehicle arrangement and a method EMBODIMENTS 

for controlling sn autonomous vehicle that overcomes the ^ illustrates schematically a top view of a typidal 

disadvantages of the prior art embodiment of an autonomous vehicle according to the 

Another object of the invention is to provide an autono- 55 invention sdiematically showing a variety of sensors having 

mous vehicle that is suitable for use in traffic on public individual modes of operation and function which are 

roads, as well as a method for controlling one or more explained below. At least one radar sensor 1 is mounted in 

autonomous vehicles. the front area of the autonomous vehicle. Such radar sensors 

These and other objects of the invention are attained by are known, for example, from range finding devices^ for 

providing an autonomous vehicle arrangement having a 60 example ADR (Automatic Distance Regulation), used in 

vehicle control unit, a system for actuating vehicle compo- vehicles. Using the radar sensor 1, the number of objects in 

nents based on signals generated by the vehicle control unit, the area in front of the autonomous vehicle, their distance 

and an array of sensors for detectiug objects and conditions from it, and their relative speed can be determined, for 

along a route to be followed by the vehicle including at least example. Because of the strictly limited horizontal detection 

three range sensors mounted at the front of the vehkle, at 65 range of radar sensors^ they are provided solely for object 

least one range sensor mounted at the rear of the vehicle, at detection in front of the vetdcle. The radiation pattern of the 

least 01^ ultrasonic or microwave sensor mounted on each radar sensor 1 is shown in FIG. 3. 
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The advantage of radar as compared to optical sensing 
equipment is that radar retains its {^rformanoe capability 
even under adverse weather conditions such as fog, snow, 
rain and dust. This advantage requires the radar sensor 1 to 
be used in support of two laser scaimer sensors 2 and 3, 
which are also used for object detection, in particular for 
object detection at intersections and lane merges. The laser 
scanner sensors 2 and 3 are located near the front comers of 
the vehicle, for example in the fenders. The two dimensional 
laser scanner sensors 2 and 3 each have a horizontal detec- 
tion range angle of about 270° so that only one additional 
laser scarmer sensor 4 with a horizontal range angle of 180° 
need be provided in the rear area of the vehicle. The 
radiation pattern of the laser scanner sensor 2 is shown in 
FIG. 4. The laser scarmer sensor 3 has a corresponding 
pattern so that the two front comer laser scanners cover 
essentially the entire front and side areas of the vehicle. 

Since only the aforementioned 180** angle in the rear area 
is required for the laser scanner sensor 4 for full aU-around 
sensing, the remaining 180° of the potential scanning range 
of the laser scanner sensor 4 can be used for additional 
coverage within an inner 30* detection range as shown in 
FIG. 5, so that this laser scaimer sensor provides quasi 
three-dimensional object detection in die middle area of that 
region. In case of failure of the laser scanner sensor 4, 
limited driving operation is still possible, but turning maneu- 
vers may no longer be performed 

Furthermore, it is advantageous to provide an additional 
downwardly directed laser scaimer sensor 5a, shown in FIG. 
6, on the front of the roof or on the windshield in the 
rear-view mirror region having the primary task of detecting 
holes in the ground or small obstacles on the ground. For this 
purpose, the angular orientation of the beam of the laser 
scanner sensor Sz in the vertical direction can be changed as 
a function of the vehicle speed and the weather to detect 
holes or obstacles before the vehicle reaches the hole or 
obstacle, if necessary. In contrast to the conventional 
arrangements, the orientation of this sensor is varied as a 
function of the weather conditions, since such conditions, in 
addition to the vehicle speed, have a critical effect on the 
length of the vehicle stopping distance. If an object traveling 
in front of the vehicle is located in the beam path of the laser 
scanner sensor Sa, that sensor takes over the task of sensing 
and tracking the object. The laser scanner sensor Sa has a 
horizontal detection angular range of 45* and vertical angu- 
lar rangje of 5°. Because of the large horizontal detection 
range, this sensor can also assist in lane recognition and in 
recognition of the side edges of the lane or road. 

As described hereinafter, a failure of the laser scaimer 
sensor 5a would require immediate stopping of the autono- 
mous vehicle. In order to avoid this problem, an identical 
laser scaimer sensor 5b is preferably provided, either to 
immediately take over the tasks of laser scaimer sensor 5a 
should it fail, or to operate concurrently with the laser 
scanner sensor 5a in order to provide a redundant overall 
system. 

Because of the vertically limited field of view of the laser 
scanners 5a and Sb, an additional laser scanner sensor 6, 
which has the same horizontal and vertical detection range 
as the sensors 5a and 5b but is fixed in position, is provided 
at the top of the vehicle for the detection of clearance 
heights. In addition to clearance height detection, the laser 
scanner sensor 6 can also be used to assist in ot>ject 
recognition. A prerequisite for this, however, is screening of 
the laser scanner sensors 5a and 56 with respect to the laser 
scanner sensor 6. Failure of the laser scanner sensor 6 can be 
compensated by taking the clearance heights on the route 
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direcdy from a digital map so that immediate shutdown of 
the autorK>mous vehicle in the event of such failure is not 
necessary. 

At slow speeds of travel and when parking, it is not 
5 possible to completely detect objects along the flanks of the 
vehicle with the front corner laser scanner sensors 2 and 3. 
Consequently, for side detection, four ultra-sonic sensors 
7a-7d and SaSd, for example, are mounted along opposite 
sides of the vehicle. These sensors can also be used to assist 

10 in road edge detection at slow ^)eeds of travel. 

Also mounted on the front part of the roof of the vehicle 
is a video camera 9 which serves primarily for lane recog- 
nition. Additionally, however, the video camera 9 can aid in 
road edge detection and object recogoition. Furthermore, the 
camera 9 can also be used to assist the laser scanner sensor 
6 in clearance height detection. 

An additional video camera 10, located in the fi^ont area 
of the roo^ is used for lane, object and/or traffic sigp 
recognition. Ibe cameras 9 and 10 can also be combined into 

^ a mutually complementary system with the camera 9 set up 
for far field recognition and the camera 10 set up for the near 
field recognition. 
For detection of neighboring lanes and thus also detection 

^ of the vehicle's own lane and of the edge of the road, the 
autonomous vehicle has additional video cameras 11 and 12 
arranged on each side of the roof with lateral sensing 
patterns shown in FIG. 7. By moimting another video 
camera 13 in tlie rear region of the autonomous vehicle, 

^ support for the lane and road edge recognition is also 
possible. The primary task of the video camera 13, however, 
is for support of the quasi three-dimensional laser scaimer 
sensor 4 for object recognition. 

For high-precision position fiinding, a DGPS (Differential 

35 Global Positioning System) is mounted on the roof of the 
vehicle. This sensor, in conjunction with a digital map, 
determines the absolute position of the autonomous vehicle 
in world coordinates. Such digital maps are conventional, 
for example, in navigation systems for modem motor 

^ vehicles. A failure of the DGPS sensor 14a would also lead 
to immediate stopping of the autonomous vehicle, as will be 
described later. In order to avoid this problem, an identical 
DGPS sensor 14b is preferably included in order to imme- 
diately take over the tasks of the DGPS sensor 14a sbouU 

45 it fail. Moreover, both DGPS sensors 14a and 14b can be 
used in parallel to provide redundancy. In addition, a gyro- 
scope or a gyroplatform can be used in order to be able 
always to determine exactly the position of the autonomous 
vehicle even in drcumstanoes of radio frequency shielding, 

5Q for example in a tunnel. 

In addition, each of the individual wheels of the vehicle 
has a wheel sensor 15a-15^, by which the coeflicient of road 
firiction can be detected. 

Also arranged on the roof of the autonomous vehicle are 

55 an air pressure sensor 16, a humidity sensor 17 and a 
temperature sensor 18. The data supplied by these sensors 
16-18 are used to infer the current and expected weather 
conditions. These results are used for such purposes as 
verification of the results of the individual sensor systems, 

60 for example to determine the visibility conditions that can be 
expected and to coordinate with the visual ranges as deter- 
mined by the laser scanner sensors 2-6. 

■ Moreover, four directional microphones 19 combined 
with ooireqx>nding loudspeakers are also arranged on the 

65 autonomous vehicle. The microphones detect acoustic sig- 
nals such as police and fire sirens, railroad crossings ^d the 
like. The loudspeakers permit the vehicle control center to 
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be io verbal aod communicative contact with any passeis-by. bom one another and reassembled in the downstream analy- 

For verbal announcements that do not require a re^xDOse, the sis units into an overall image on the basis of time sharing, 

loud ^)eakers can also be used directly by the autonomous In this context, a hierarchical principle with appropriate filter 

vehide. algorithms for information compression shoiild be used as 

AlsoairangpdatthefiDntoftheroofisathermaiimaging S mudi as possible so as not to overload the analysis units, 
camera 20 for the purpose of assisting the object detection * * diagram of an arrangement for 

system by providing a tempaature profile and thus distin- generatmg a virtual guide wire. This arrangement comprises 

guishing motionless persons at the side of the road fiom ?° ""P"*,!"?' ^9 to receive one or more travel orders thatcan 

toanimlte objects. foVinstance. Furthermore the thermal ^ ^"^^^ '."I™*' connection 30 as weU as from 

imaging camera 20 is also suitable to a limited extent for 10 f° e«emal communication connection 31Jfor example m 
peSng lane and n>ad edge detection. AdvanUgeously. °[ » jF^^^f telephone Dependmg on the 

ihe individual cameras 9-13 and 20 are provided with a W^«tion for the autonomous vetad^ 

,. . ■ _i . . f 1 i_ contain further information m addition to the actual desti- 

cooling system m order to compensate for heatmg as by - . -^.u . t- . 7 , " 

direct solar radiation. Moreover, shielding measures can be ?ation For example, the autonomous vehide^ 

lakeninordertoavoiddazzlingofthecaSeras9-13and20 « >" P«*lic local pas«»ger transport, toe n 

bydirectsolarradiationorasaresultof reflectionsfiom wet 8«^to be earned |S necesaiy as additional mforma 

oavement order to match this with the capacity of the vehicle. 

_ . °. . , Moreover, the lusency of the travel order can also be taken - 

FIG. 2 IS a top view of the autonomous vehicle with a ^tj fato account. Such algorithms are already in use. for 

schematic arrangement of possible actuators. The autono- example for operations planning programs in local public 

mous vehicle comprises at least one electricaUy controUed ^ ^ansport, and are usable in prindple. 
aj^elerator 21, one electrically controUed brake 22 and one ^ ^ ^ autonomous vehide is used as an 

electncally controlled steering ^tem 23. If the vehicle is ^^y^, ^^^^ ^^^^ communication comiection 

not equipped wiUi an automatic transmission^ an electncaUy ^ ^ 29 can be dispensed with, since only the user 

controUed ctotch 24 is additonaUy required. Such el^- ofthe vehicle will issue the^avel orders. TTie travel order or 
cally controUed devices are known m basic pnnciple from " ^^^^ j„ ^ ^,25 ^ transmitted to 

com^enuonal motor vehicle technolo^ as x-by-wire sys- ^ ^ ^^ 33 ^ ,3^5^ ^, 

tems. In such systems, a mechaxucal control motion is - . ^ .1. i. • i f_ 

^ J • * 1 J-i 1 ^ • 1 1. L 32 receives the precise current posiUon of the vehicle from 

converted mto an electnad actuatmg sigpal so that the j^^j^ ^^^^ ^ infomialion 

actuator, sud. as a polal, is mechamcaUy decoupled fiom communication connection 31. ITie traffic 

the device to be controlled. • r • j j. » 

mionnalion can mclude, for example, reports of trafSc 

Since no human being is present to actuate the pedals or congestion, construction sites and information on large 

the steering wheel in the autonomous vehicle, the mechani- events such as concerts, demonstrations, soccer games or the 
cal movement of the actuators must be replaced. In 

principle two alternative arrangemente are possible for this 3^ gy using a digital map 33 which is associated with the 
purpose. In one arrangement, the mechamcal movement can ^^j^ planning unit 32, the route planning unit determines an 
be generated by a robot dnver so that the conventional ^^^^^ ^^m the then cuncnl position to the desired 
mechamcal devices do not have to be modified. In another destination, taking into account the traffic information fiom 
arrangement, the mechanical movement is elimmated external communication connection 31. The optimal 
entirely and the vehicle control device direcdy generates 40 route can be dioseo in terms of either travel time or 
electrical control signals for the control units of the indi- j^i^^^^ fod consumption. In addition to an actual street 
vidual actuators. Hie operation of additional components, j^yout, the digital map 33 contains information such as 
as, for example, the fighting system of the autonomous clearance heights for bridges, the number of lanes in a load, 
vehicle, IS effected similarly. traffic signs, and the like. Such digital maps 33 are already 
FIG. 8 is a schematic block diagram showing the top 45 known for navigation assistance systems in motor vehicles, 
hierarchical level of the autonomous vehicle. TTie array of The optimal route is produced by the unit 32 in the form of 
sensors 1-20 acquires information from the autonomous a series of route segments, and each current route segment, 
vehicle itself and its environment 28 and transmits such and if necessary the subsequent route segment, is suppfied to 
information to a vehicle computer 25 and to a collision a vehicle path generation unit 34. TTie vehicle path genera- 
avoidance device 26. The vehicle computer, by which the 50 tion unit determines an optimal vehicle path for the supplied 
actual control of the autonomous vehicle takes place, and the route segment. 

colfision avoidance device 26 work in parallel for safety in addition to the vehicle path as such, the optimal path 

reasons, so that the colfision avoidance device 26 is effective ^ includes information on the permissible maximum 

to act upon the artuators 21-24 only to avoid a coUision speeds for individual route segments, which lane should be 

hazard. In normal operation, conti-ol of the actiiators 21-24 55 selected, the radii of curves, traffic lights, right-of-way signs, 

is carried out exclusively by the vehicle computer 25. Data slop signs, intersections, and where and how turns must be 

U-ansmission from the sensors 1-20 to the vehicle computer made. Such very precise information is necessary since the 

25 and to the coUision avoidance device 26, and also to the autonomous vehicle cannot act inhiitively as a human beii^ 

actuators 21-24 takes place over CAN (Contix)Ued Area can. For example, even though he soon wiU have to turn left, 

Networit) buses 27. In this process, the data are preferably eo a human driver drives as long as possible io the light or 

distributed over several CAN buses 27 in order to assure center lane so that he wiU not be obstructed by vehicles 

reliable transmission of the volumes of data that are gener- hirnii^ left at preceding intersections, and then switches to 

the left turning lane depending on the traffic situation. The 

Since real-time processing of the data is necessary, the other information is necessary so that the autonomous 

CAN buses 27 shoidd not be operated at the upper limit of 65 vehicle can adapt its driving behavior in a timely fashion, 

their transmission capacity. The preprocessed data from the This is important particularly with regard to other traffic 

individual sensors must therefore be transmitted separately participants, for whom very abrupt driving behavior is 



6,151^39 



10 



irritating and could lead to incorrect judgments. Since not all 
information regarding the infrastructure is contained as 
advance information in the digital map 33, for instance 
because new traffic agns have been installed, the vehicle 
path control unit 34 is additionally suppb'ed with the 
acquired sensor signals from the sensors 1-20, &om which 
additional infrastructure information can be taken, for 
example the traffic signs detected by the video camera 10 or 
the weather conditions detected by the sensors 16-18, upon 
which the maximum permissible speed can depend, for 
example. The optimal vehicle path, which one could also 
refer to as a virtual ideal control wire, is determined from all 
this informatioD. The generated ideal path is transmitted 
together with the current visual sensor information from the 
sensors 9-13 and 20. 

The acquired sensor signals from the sensors 1-20 are 
also supplied to an object recognition unit 36. The object 
recognition unit 36 analyzes the information according to 
whether one or more objects were detected, what type of 
objects are involved (for example, moving or stationary), 
and, if necessary, generates control signals for the tracking 
motion of individual sensors, such as the camera 9, for 
example. In order to be able to draw exact cnndusions 
concerning the nature and type of object or obstacle based on 
the sensor data, the prevailing weather conditions must be 
known. These can be determined primarily from the infor- 
mation from the sensors 16-18. Since the unit 34 for 
generation of a vehicle path also requires the weather 
conditk>ns» these can also be centrally determined and 
supplied to the appropriate components. 

In addition, the object recognition unit 36 analyzes the 
sensor information according to how much traffic-free area 
exists around the vehicle even beyond the current vehicle 
position. Hiis information is particularly important for the 
execution of any necessary avoidance maneuvers. Hie prin- 
ciple mode of procedure in the analysis of sensor informa- 
tion in this context is known to the expert, for example from 
ADR (Automatic Distance Regulation) systems. An addi- 
tional factor here is that the various sensor information from 
the different sensors such as the radar sensor 1 and the laser 
scanner sensors 2 and 3 must be weighted or reoondled with 
one another as a function of weather conditions. The object 
recognition unit 36 supplies to a vehicle control tmit 35 the 
calculated traffic-free area, the detected, tracked and classi- 
fied objects with their coixlition vectors, Le. location, rela- 
tive velocity, etc., as well as the prevailirig weather condi- 
tions. 

In addition to the sensors 1-20 listed above, the autono- 
mous vehicle also has further sensors 37 providing infor- 
mation to a unit 38 for vehicle condition data recognition 
which assembles and generates genial data relating to the 
condition of the vehicles and the condition vector for the 
vehicle itsell The sensors involved here are adequately 
known in terms of type and arrangement from modem motor 
vehicles so that a more detailed explanation is not necessary. 
Taken into account here in particular are vehicle conditions 
such as the engine speed, vehicle speed, ABS sensor infor- 
mation, coefficients of friction, steering angle, and the like, 
and information from the sensors 1-20, for example the 
wheel sensors 15, is also included. In addition, the sensors 
37 can generate a status report for any subsystem. The stanis 
reports and the vehicle condition vector are likewise sup- 
plied to the vehicle control unit 35. 

Hie vehicle control unit 35 then generates from all the 
supplied information a real control vector which is trans- 
mitted to a vehicle actuator control unit 39 for the vehicle 
actuators 21-24 as weU as passive vehicle components such 
as the turn signals, the vehicle lighting system, the wind- 
shield wiper system, and the like. In contrast to the optimal 



vehicle path determined by the unit 34, this control vector 
also takes into account dynamic changes such as the pres- 
ence of detected and moving objects or the color of the 
traffic signaL For each section, the control vector thus 
^ contains a set of control commaixis for the actuators 21-24 
and vehicle components to be operated, where the rate of 
change of the control vector is dependent on the infrastruc- 
ture and the surrounding traffic. The traffic regulations to be 
observed, for example, right before left at an intersection 
with equal right of way, are stored in the vehicle control unit 
10 35 in the form of algorithms. Since the number of traffic 
signs accompanied by frequent changes in right-of-way 
situations is very large, especially in city driving, either as 
many traffic signs as possible must be integrated in the 
digital map 33 or, preferably, a parallel processing system is 
provided since otherwise the vehicle ^>eed must be adapted 
to the processing speed of the vehicle control unit 35, which 
under certain circumstances could be perceived as irritating 
by human drivers. In order to increase the acceptance of 
autonomous vehicles among passengers as well as among 
other traffic participants, t& vehicle control unit 35 can 
additionally be provided with a human driving strategy, for 
example a slow approach to a red light 

Although the invention has been described herein with 
reference to specific embodiments, many modifications and 
variations therein will readily occur to- those skilled in the 
art Accordingly, all such variations and modifications are 
included within the intended scope of the invention. 
We claim: 

1. An autonomous vehicle arrangement, comprising: 
an input unit for travel orders; 

a vehicle route planning unit comprising at least one 

position finding unit and a digital street map; 
a vehicle path generating unit for generating a vehicle 
path from a present location to a designated destination; 
a plurality of sensors including at least one range sensor 
for detecting objects and condition features of the 
vehicle path; 
a collision avoidance unit; 
a vehicle condition data recognition unit; 
a vehicle control unit; and 

a vehicle actuator control unit for controlling vehicle 
drive system actuators based on signals generated by 
the vehicle control unit; 
wherein the plurality of sensors includes: 

at least one range sensor located in a front area of the 
vehicle; 

at least one rai^e sensor located in a rear area of the 
vehicle; 

a plurality of ultrasonic and/or microwave radar sensors 

located at the sides of the vehicle; and 
at least one camera located in each of the front and rear 
areas of the vehicle. 

2. An autonomous vehicle arrangement in accordance 
with claim 1 wherein the plurality of sensors includes two 
laser scanner sensors directed essentially horizontally and 
arranged in a front area of the vehicle. 

3. An autonomous vehicle arrangement in accordance 
with claim 2 wherein the laser scaimer sensors have a 
horizontal detection range angle of about 270^. 

4. An autonomous vehicle arrangement in accordance 
with claim 1 wherein a range sensor located in the rear area 
of the vehicle is a laser scanner sensor. 

5. An autonomous vehicle arrangement in accordance 
with claim 4 wherein the laser scanner sensor in the rear area 
is effective at least partially as a three-dimensional laser 
scanner. 

6. An autonomous vehicle arrangement in accordance 
with claim 1 wherein a range sensor located in the front area 
of the vehicle is a radar sensor. 
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7. An autonomous vehicle arrangement in accordance 
with claim 1 including a further rang^ sensor which is 
adjustable in sensing range as a function of vehicle speed 
and/or weather conditions. 

8. An autonomous vehicle arrangement in accordance 
with claim 7 wherein the further range sensor is a laser 
scanner sensor directed toward the roadway in front of the 
vehicle. 

9. An autonomous vehicle arrangement in accordance 
with claim 8 wherein the laser scaimer sensor directed 
toward the roadway is mounted near the forward end of the 
roof of the vehicle. 

10. An autonomous vehicle arrangement in accordance 
with claim 8 wherein the laser scanner sensor is mounted 
behiixi the windshield of the vehicle in a rear-view minor 
area. 

U. An autonomous vehicle arrangement in accordance 
with claim 1 wherein the cameras located in the front and 
rear areas of the vehicle are arranged for recognition of 
objects and/or traffic signs and/or lanes. 

12. An autonomous vehicle arrangement in accordance 
with claim 8 wherein the further range sensor has a hori- 
zontal detection range and a vertical detection range and the 
horizontal detection range is greater than the vertical detec- 
tion range. 

13. An autonomous vehicle arrangement in accordance 
with daim 8 wherein the further range sensor is desigqed 
with redundancy. 

14. An autonomous vehicle arrangement in accordance 
with claim 1 including an additional rai^e sensor having a 
fixed setting and scan angle located on the nx)f of the vehicle 
for sensing allowable clearance heights. 

15. An autonomous vehicle arrangement in accordance 
with claim 14 wherein the additional range sensor is a laser 
scanner sensor. 

16. An autonomous vehicle arrangement in accordance 
with claim 1 including a first camera for near field recog- 
nition and a second camera for far field recognition mount^ 
in the front area of the vehicle. 

17. An autonomous vehicle arrangement in accordance 
with claim 1 including a front-facii^ camera arranged on 
each side of the vehicle. 

18. An autoDomous vehicle arrangement in accordance 
with claim I wherein the cameras axe CCD cameras. 

19. An autonomous vehicle arrangement in accordance 
with claim 1 including at least one wheel sensor for each of 
the wheels of the vehicle for detection of the coeflBcient of 
road friction. 

20. An autonomous vehicle arrangement in accordance 
with claim 1 wherein the plurality of sensors includes at least 
one of a temperature sensor, a humidity sensor and an air 
pressure sensor. 

21. An autonomous vehicle arrangement in accordance 
with claim 1 including at least one microphone and/or at 
least one loudspeaker. 

22. An autonomous vehicle arrangement in accordance 
with daim 1 including a thermal imaging camera mounted 
in the front area of the vehicle for the detection of living 
creatures. 

23. An autonomous vehicle anangement in accordance 
with claim 1 wherein the position finding device includes a 
DGPS sensor. 

24. An autonomous vehicle arrangement in accordance 
with claim 23 wherein the DGPS sensor is designed with 
redundancy. 

25. An autonomous vehicle arrangement in accordance 
with claim 1 wherein the vehicle actuator control unit 
includes at least one of an x-by-wire system and a driving 
robot 
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26. An autonomous vehicle arrangement in accordance 
with claim 1 induding an external communication system 
connected to at least one of the route planning unit and the 
input unit for travel orders. 

27. An autonomous vehicle arrangement in accordance 
with daim 1 wherein the position finding unit indudes a 
gyroscope or a gyroplatform. 

28. An autonomous vehicle arrangement in accordance 
with claim 1 including a vehicle computer and at least one 
data bus connecting the vehicle computer to the plurality of 
sensors or to the vehicle drive system actuators. 

29. An autonomous vehicle in accordance with claim 1 
wherein the data bus is a CAN bus. 

30. A method for controlling an external communication 
system of an autonomous vehicle having an input unit for 
travel orders, a route planning unit containing a position 
finding device and a digital street map, a vehicle course 
generating unit for generating a vehicle course from a 
present location to a desired destination, an external com- 
munication system, an object recognition device, a vehide 

20 control unit, a vehicle drive system actuation and a plurality 
of sensois, comprising the following steps: 

a) providing an input to the input unit representing a 
desired travel destination; 

b) transmitting the input travel destination to the route 
planning unit; 

c) detecting the current vehicle location by the position 
finding device; 

d) determining a route, defined in route segments, from 
the current vehicle location to the travel destination by 
a digital map and optimization algorithms, taking into 
accoimt any traffic information provided over the exter- 
nal commimication system; 

e) transmitting to the vehicle course generating unit from 
the route planning unit the individual route segments to 
be traveled and the current location of the vehide; 

f) generating an optimized course for the transmitted route 
segments. Caking into account any traffic information 
provided over the external communication system and 
infrastructure information stored in the digital map 
and/or detected by the plurality of sensors; 

' g) transmitting the generated course, the vehicle condition 
data and the data acquired by the plurality of sensors to 
the vehicle control unit; 

h) verifying in the vehicle control unit the functionality of 
individual vehicle modules and sensois and any inter- 
vention in the vehicle actuator system in order to bring 
the vehicle into a safe condition in the event of system 
defects relevant to safety; 

i) generating a control vector for individual vehicle drive 
system actuators for implementing the generated 

- course, taking into accoimt data acquired by the object 

recognition device; and 
j) transmitting the control vector to the control unit for 
controlling the vehicle actuator drive system to cause 
the assodated control data to be transmitted from the 
control vector to the individual vehicle acmators. 

31. A method in accordance with claim 30 including 
determining the traffic signal signs to be observed for each 
current route segment by use of the digital map and the video 
camera, and causing the control vector to be brought into 
agreement with the traffic regulations by using traffic regu- 
lation algorithms stored in the vehicle control device. 



25 



30 



35 



40 



45 



50 



55 



60 



